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This thesis deals with some spectroscopic studies of a 
variety of platinum complexes. 
The rates of rotation of the tetrarrAethylaflene ligand in a 
series of new compounds, trans-1PtCJ2 L(TMA)} (TIvLA 
tetramethyl.allene, L = substituted pyridine N-oxides, anilines, 
amides, nitriles), were measured by the "line broadening" 
n. m. r. technique in the region of slow exchange. These rates 
were shown to display a linear relationship with the pK values 
of the ligands L. 
The ultra-violet photoelectron spectra of several 
bi strialkyiphosphine platinum (II) complexes have been recorded 
and the difficulties involved in interpretation of the spectra are 
considered. 
A series of bistrimethyiphosphine platinum hydrides has 
been prepared and their n. m. r. and infra red parameters 
compared with those of their triethyiphosphine counterparts. 
Trans- iPtH(SeH)(PEt3)J  and  trans-EPt(SeH)(PEt3)2j 
have been prepared and characterised by n. m. r. spectroscopy. 
The reactions of t-ransLFtHI(PEt3)]  with the compounds H2S, 
H2Se and H7 Te have been carried out and, where possible, 
both the initial and final products have been characterised by 
their n. m. r. parameters. Analogous reactions were 
performed with trans- PtHI(F1/e3)2 J and trans- Pt(CH3)I-
(PEt3 ) 2 ] for purposes of comparison. The equilibria involved 
31 
in two of these reactions were studied by means of F n. m. r. 
spectroscopy. The relative abilities of H2S, H2Se and HTe 
to oxidatively add to platinum (U) hydride complexes are 
discussed. 
The 31 P and 19 F n. rn. r, spectra of cis- PtCl2(PF3)2] have 
been measured. The reactions of cis- PtCl2(PF3)2] and 
cis-LPtC12(PF2NMe2 ) 2] with Cl 
2 
 and HC1 were studied by 
31 
 P 
n. m. r. spectroscopy and the results from the cis- [Pt012-
(PF2NMe2 )2} reactions are discussed in terms of six coordinate 
species and anionic complexes. 
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INTRODUCTION 
INTRODUCTION 
The titles of the chapters in this thesis reveal that 
several areas of platinum chemistry have been studied, The 
threads linking these areas together are platinum itself, 
naturally1 and spectroscopy, Nuclear magnetic resonance 
spectroscopy has been the major tool for investigating the 
complexes studied, but infra-red and mass spectroscopy were 
also employed. Ultra-violet photoelectron spectroscopy too 
received attention although it is a technique still in its infancy 
as far as large molecules are concerned, 
It is hoped that the variety of topics covered in this 
work may in some measure reflect the diversity of present day 
chemical research involving platinum. This rare metal displays 
an extraordinary versatility in its chemistry and yields very 
stable complexes even with, at first sight perhaps, the most 
unlikely looking ligands. 
"Platina del. Pinto" or "little silver of the Pinto River" 
as platinum was first called, was discovered in Columbia in the 
sixteenth century. Within one hundred years of its introduction 
into Europe in 1741 most of its inorganic compounds had been 
made and even the first organometallic derivative had been 
prepared. This was the famous Zeise's salt. Since then the 
chemistry of this metal has developed enormously in many 
directions. The expansion of interest in platinum has been the 
result of three factors:- 
platinum in its divalent oxidation state forms 
complexes with most donor atoms. In the 19th and early 20th 
centuries the synthesis of platinum derivatives was a standard 
method of characterising organic compounds. These derivatives 
were the source of much of the early information on the 
coordination chemistry of platinum. 
the recognition oE the square planar geometry of 
platinum in its divalent oxidation state. This led on to the 
concept of 'cis and 'trans' isomers within the square planar 
framework and to an understanding of the 'trans effect' . The 
application of these ideas was found to result in the systematic 
synthesis of almost any desired square planar complex. 
the tremendous growth in platinum organometallic 
chemistry which was stimulated by the advancing theories of 
bonding and structure. This branch of platinum chemistry has 
found much application in the fields of homogeneous and 
heterogeneous catalysis. 
In addition, platinum displays a range of five 
oxidation states, 0, +2, +4, +5 and +6, of which all but +5 are 
quite stable. 
The three factors a), b) and c) are 'ell illustrated 
by the chapters in this thesis. Each chapter deals with divalent 
platinum complexes and the work in Chapter 1 has mostly been 
3 
the result of platinum's ability to form complexes with a variety 
of donor atoms. In fact, nitrogen, phosphorus, oxygen, sulphur, 
selenium, tellurium, carbon, hydrogen, chlorine, bromine and 
iodine have all been used as coordinating ligand atoms in these 
chapters. 
The 'trans effect' is involved in four of the five 
chapters but especially in the allene chapter, Chapter 1, where 
the position of substitution in the reactions described there is 
dictated by the high 'trans effect' of the alleno itself. The square 
planar geometry on which the theory of the 'trans effect' is 
founded not only makes predictions of reaction products riuch 
easier, it also increases the symmetry of the coixiplexes, which 
makes them more aiienable to study by spectroscopic methods. 
The comparatively high symmetry of trans_.Et.?LI  for 21  
example, makes them well suited for investigation with 
vibrational spectroscopy. The results of these investigations 
have been extended to cover the closely related hydrides in 
Chapter 3. 
Square planar geometry also lends itself to the 
formation of complexes involving chelated ligand rings. Examples 
of such complexes are mentioned in Chapter 1. Halogen bridged 
dimeric structures are an extension of the square planar 
framework to include a second metal atom. Such dimers are 
readily formed when platinum is in the divalent oxidation state 
and an example of these dimers, trans-LPtC12(TIvIA)j2,  forms 
the starting material for most of the new compounds reported 
in Chapter 1. Halogen bridged dirriers are also n!en.oned in 
Chapter 5. 
Although there are frequent references to vibrational 
spectroscopy it is to nuclear magnetic resonance spectroscopy 
that most of the work has been devoted. This is not 
surprising as platinum complexes lend themselves admirably 
to study in this way. Not only are most of the complexes 
readily soluble in common solvents, but platinum also has the 
Pjil isotope of nuclear spin l/ and a natural ahundance of 
33.7°/o, which is quite adequate for easy detection of the 
If satellite" signals and for application of spin decoupling 
techniques. In addition, platinum combines with many elements 





etc. so that a great deal of valuable information on coupling 
constants and chemical shifts may be extracted from the n. m. r. 
data. Although platinum chemical shifts the elves have not 
yet been studied to any great extent they will undoubtedly play 
a more significant role with the advent of increasingly 
sophisticated spectrometers. 
Chapter 2 is the only chapter which does not depend 
on n. m. r. results. This chapter deals with the photoelectron 
spectra of some platinum complexes. As mentioned earlier 
5 
this type of spectroscopy has seldom been used to study large 
molecules. Theproblems involved in interpretation of the 
spectra are considerable and are outlined in the chapter. 
Much of the work described in the thesis involves 
tertiary alkyl phosphine ligarids. It is appropriate that they are 
mentioned so frequently as they have played an important part in 
the development of the or;'anometallic chemistry of platinum 
through their ability to forr.. very stable complexes. The 
stabilising influence of the tertiary phosphines has been of 
utmost importance in the case of the platinum hydrides which 
would not exist were it not for the donor properties and bulky 
nature of these ligands. Two chapters are devoted to the 
synthesis and reactions of new platinum hydrides and this 
emphasis on hydrides very much reflects their important 
position in current platinum research. Although very stable, 
the hydrides react readily with many reagents and therefore 
act as intermediates in the formation of new compounds. 
Many of the hydride reactions described in Chapters 
3 and 4 involve an increase in coordination nurrber of platinum 
from four to six, i.e. an oxidation of the divalent state to the 
tetravalent state. These reactions are easily followed by n. m. r. 
spectroscopy due to the unmistakeable characteristic hydride 
resonances. The ready formation of Pt(IV) species has the 
important consequence that many of the reactions of Pt (II) 
6 
compounds are oxidative additions - this is a frequently recurring 
phrase in the chemistry of platinum, and one which is virtually 
absent in the chemistry of palladium where Pd (IV) inter-
mediates are rarely found. 
Mention has already Leen made of tertiary phosphine 
ligands. Trifluorophoophine is also a tertiar; phosphine but its 
properties are very different from those of tertiary alkyl 
phosphines. Chapter 5 describes the reactions of so-.--:.e 
trifluorophosphine complexes of platinum. This is a largely 
untapped area of research and one which relies heavily on n. m.. r. 
methods for its elucidation. 
CHAPTER 1 
THE FLUXIONAL BEHAVIOUR OF 
SOME PLATINUM (11)-ALLENE 
COMPCU NDS 
CHAPTER 1 
The Fluxional Behaviour of Some Platinu_.(II)-Allene 
Compounds 
1.1 	Introduction 
The first member of the homologous series of hydro-
carbons cor;monly referred to as allenes is allene itself viz. 
CIL = C = OH2, which is iore ccirectly known as propadiene. 
From the formula it can be seen that allene has two adjacent carbon 
carbon double bonds, a type of structure known as a 'cumulated' 
bond system. The central carbon atom is sp hybridised and the 
two remaining p orbitals are used to form 11 bonds with each of the 
terminal rnethylene groups. Consequently the resulting ir electron 
clouds are orthogonal and so also are the planes incorporating the 
methylene groups. 
The two double bonds are not conjugated with each other 
as they are not coplanar. In fact, there is little interaction between 
1 
the two double bonds and they can be regarded as acting independently 
of each other. There would thus appear to be considerable 
potential for formation of metal-allene ir complexes, using one of 
the essentially olefinic ir bonds. Although the chemistry of metal-
olefin complexes dates back to the historic discovery by Zeise 
in 13G of the salt KPtCl3(C2H4)j , it was only comparatively 
recently that transition metal-allene ir complexes were prepared 
and studied. A vast amount of knowledge has now been accumulated 
on the subject of transition metal olefin linkages, with reference 
to the nature of the bondin:  and the chemical reactivity of the 
compounds. Much of the work was stimulated by te discoveries 
that transition metal olefin complexes are intermediates in many 
heterogeneous catalysis reactions. However, the number of papers 
published on u bonded metal-allene complexes is extremely limited. 
Allenes can also act as oW-bonding ligands and some complexes 
3 
containing allenes bonded thus are known • Several types of ir 
bonded allene metal complexes can be envisaged. As the hydro4 
carbon contains two essentially independent olefin bonds there is 
the possibility of it acting as a bridging ligand between two metal 
atoms, each linked to one of the double bonds. The more normal 
bonding situation would be expected to be where only one of the 
double bonds is used to coordinate to the metal, the other double 
bond remaining as a virtually normal olefinic bond. 
4,5 
Examples of both types of complex are icnown 	but it 
is the latter type which will be discussed in this ciapter. It is 
the latter type, in which the ratio of metal to alone is one to one, 
which has the possibility of displaying 'fluxional' behaviour. 
The mode of bonding between the transition metal and 
the allene is essentially the same as that which occurs between a 
transition metal and an olefin. There is a - interaction involving 
donation of electrons from the filled bonding ii orbital of the double 
bond to an ernptyo type orbital on the metal and a simultaneous iT 
interaction or back donation of d electrons (in the case of platinum, 
9 
Sd,) to the antibonding orbital of the double bond. 
In a metal allene complex bonded in this way two types 
of allene movement can be distinguished. One is a rotational 
movement of the allene on an axis passing through the centre of 
the coordinated double bond. The other is a "helical" movement 
of the metal atom from one double bond to the other - known as 
"helical" as it involves a twist through 900  by the metal. 
Ordinary rotational movements of the first type have been observed 
6,7 
for w- olefin compounds suca as (Tr-05H5)-Rh(u-C?H4)2 	and 
a 	 -, 
(acac)-GlPt(ir-olefin) 
The helical type of motion was suggested for the first 
time for the compound tetra rnethylaIlene iron tetracarbonyl in 
1967 .At low temperatures the proton n.m.r. spectrum indicated 
that the allene was bound to the iron atom by one of its double 
bonds and that, at elevated temperatures, the Fe(GO)4 unit 
"jumped" from one double bond to the other. At about the same 
time the first ir-allene compounds of platinum were prepared by 
10 
Vrieze and co-workers . The investigations of these compounds 
was undertaken as an extension of their earlier work on ir-allyl 
cornplexe s, 
The starting material for the platinum compounds, 
which included a series of complexes containing para substituted 
pyridine ligands trans to the allene in a square planar framework, 
was a diriaeric species, trans-1FtC12(TIvLA)j2 (TMA = tetramethyl-
allene). The proton spectrum of the dimer in CDO13 at 203K 
10 
showed four signals corresponding to four non-equivalent methyl 
groups. Free tetramethylallene gives a singlet resonance. Two 
of the methyl signals, the two absorbing to highest field, showed 
coupling with the 
195 
 Ptnucleus. These were the methyl groups 
linked to the double bond coordinated to platinum. When the 
temperature was raised from 203K to 323K the four methyl 
absorptions broadened and coalesced to their weighted mean. 
Since platinum coupling was retained throughout, the allene at no 
time became dissociated frorr. the metal i.e. the process occurred 
intramolecularly. The rate of the exchange was independent of 
concentration, thus proving that the reaction was monomolecular. 
The substituted pyridine derivatives displayed very 
similar behaviour over the same temperature range. As these 
monomers had aplane of symmetry two of the methyl groups of 
the allene ligand were equivalent and only three resonances were 
observed for the allene in the proton spectra at low temperatures. 
Coalescence of the signals took place on warming and the reaction 
rates were found to correlate well with the Hamccett cF p parameters 
of the para substituents on pyridine. This was the first application 
of i-Iamrnett parameters to organometallic systems and the very 
good correlations obtained were thought to be due to the fact that 
the place of substitution was sufficiently far removed from the 
allene group. This reaction was again intramolecular for the 
monomer series as 
195 
 Ptcoupling to the methyl groups and also to 
11 
the pyridine ortho protons was observed over the whole 
tei:perature range studied. 
The proposed mechanism for the intramolecular rLovernent 
was analogous to that proposed for 1Fe(C0)4(TMA)j, namely that 
the metal atom moves through 900  from one ir orbital of the allene 
to the other. An activation energy of 7 kcal/mole was found for 
the intramolecular exchange in LIPtC12(TMA)J2.  This correlated 
9 
well with the value of 9 kcal/mole obtained for 1Fe(C0)4(TIvIA)J 
Since Hammett a'p parameters are linearly related to 
11 
the pK values of the pyridines , it was possible to explain the 
variations in reaction rate for the substituted pyridine series in 
terms of increasing o donor capacity of the ligand resulting in a 
stronger platinum allene bond, owing to increasing iT backbonding 
from metal to allene. A stronger platinum allene bond resulted 
in a decrease in the rate of the metal atom "jumping" from one 
double bond to the other. 
The tetratnethyl derivative was not the only allene 
employed by Vrieze and associates to prepare platinum complexes. 
A dimer analogous to lPtClz(TMA)  was synthesised using 
1,1 climethylallene. The proton spectrum of this dimer showed 
that the H2C=C part of the allene was coordinated to platinum. No 
changes in the n. m. r. spectrum of this complex were noted over 
the temperature range 203-323K which indicated that the helical 
type of motion was not occurring for this allene compound. 
12 
The X-ray crystal structure determination of 
12; 
PtCl2 (TMA)j2 provided some intere sting details of the mode of 
bo.uding of the allene to the metal. It was conclusively 
demonstrated that only one double bond was linked to platinum and 
further, the tetra rnethylaIlene was shown to be no longer linear, 
as in the free ligand, but had an angle of 1510  between the two 
double bonds. However, the terminal CH3-C-CH planes were 
still virtually perpendicular to each other. 
The double bonds were approximately equal in length, 
despite one being coordinated to platinum. Finally, the platinum-
carbon distances were found to be unequal. The t-C(CH3)2 j 
distance was 2. 29 X whereas the distance from platinum to the 
central carbon atom was 2.07 X. 
The work to be described in this chapter was an 
extension of the investigations of Vrieze and co-workers Since 
they had found that the electronic properties of the trans ligand 
can have a considerable effect on the rate of helical rotation of the 
allene in a complex trans- L FtC12 L(TMA)j, It was of interest to 
vary the donor atom of the ligand trans to tetramethylallene and 
also to use different para substituents, in the case of a cyclic ligand, 
to cause variations in the basicity. It was hoped to be able to 
correlate the rates of helical movement of the allene with the pK 
values of the ligands. The paper published on this work is 
included at the end of this thesis. 
13 
1. 2 	Determination of kinetic parameters 
The kinetic rneasureriieits to determine activation 
energies, rate constants and frequency factors (A) for the intra-
rr!olecular rearrangement of the tetramethylaflene compounds 
were carried out using the "line broadening" techniqte in the 
region of slow exchange. 
The rate of exchange between equivalent proton sites 
in a molecule can be very conveniently studied by takig measure-
ments of the line widths of the proton resonances over . range of 
temperatures. 
Under exchange conditions the signals broaden by an 
amount equal to the reciprocal lifetime tT) of the proton in those 
sites iriu1tiplied by ir. 
i.e ! = nt w where 6 w equals the width of the signal, 
T 
measured at half maximum intensity, minus the natural line 
width which is the width of the resonance in the "frozen out" state 
when no exchange occurs. The natural line widths in these 
systems were between 2 and 3 Hz. 
Since, for a rnonon.olecular reaction of this type, ¶ is 
inversely proportional to the rate constant k, and since the 
Arrhenius equation gives the relationship 
logklogA - R  
a plot of log( w) against the reciprocal of the absolute 
temperature should give a straight line with a gradient of - AE/R. 
14- 
Hence e the frequency factor A and the activation energy bE can both 
be evaluated. 
The line width measurements were always carried out 
on the methyl resonance to lowest field, unless resonances due to 
the trans ligand interfered, as this signal was found to have the 
SLI:iallest natural line width. 
1.3 P]atinum(II) llene_Corrpounds 
Compounds  with the general formula trans- ijFtC12 L(TMA)J 
were prepared by rrixin required amounts of the ligand L and the 
13 
dimer •.Pt018(TMA)j2 . The dimer structure cleaved readily 
with the formation of two molecules of the product. Further 
experimental details are given in Chapter 6. 
The ligands L used were of several types. A series of 
para substituted pyridine- N- oxides were used, p-X-CH4NO (X = H, 
CH3 , Cl, CH3CO, NO2). The substituents were chosen for their 
range of electron donating and withdrawing powers. Pyridine- N- oxide 
is known to coordinate to platinum via the oxygen atom, as was 





 0-C H NO) 
Another series of ligands reacted with the dimer were 
substituted anilines which bonded to platinum through the amino 
group. These were p-X-C6H4NH, (X = CH3, H, Br, NC2) and 
benzylamine, C6H5CH2NH2. 
The series of complexes derived from the pyridine- N- oxide 
15 
and aniline ligands were characterised by elemental analyses (C, 
H, N, Cl, Pt) and by their proton spectra, recorded at low 
temperatures in the region of slow exchange. Thc analytical data 
are presented in Table 1. 3. 1. and the n. m. r. parameters can be 
found in Table 1.3.2. 
The proton spectra of all the complexes showed three 
methyl resonances in the ratios of 1:1:2, at low temperatures, due 
to the TMA ligand. Two of the methyl groups were equivalent 
presumably due to a plane of symmetry in the molecules, as was 
1C 
found for the pyridine complexes . The resonance of these 
equivalent methyl groups showed platinum coupling whereas the 
other two resonances had no platinum satellites. As the temperature 
of the solution was raised the signals broadened and finally 
coalesced to give a sharp singlet at the weighted mean of the 
chemical shifts, with platinum satellites whose separation was half 
the previous coupling. 
The colours of these ten compounds, which were all 
crystalline solids, ranged from pale yellow to deep orange. They 
were stable in air at temperatures of Ca. 250K but solutions in 
chloroforr decomposed quite rapidly at 300K. 
The rate constants for the intramolecular rearrangement 
of the allene ligand in each complex are also detailed in Table 1.3.2. 
These values are plotted, logarithmically, against the p1 values of 
the ligands in Figure 1.3.1. Also included in Figure 1.3.1, for 
comparison, are the results obtained by Vrieze and co-workers 
TAB LF, 1.3.1 
Analytical data for tetrametyUene compounds of Pt(Ii), 
trans- jPtOl2L(TiviA)j 
Analysis, found (calcd)(°/o) 
Ligand L Pt 	IC IH N tCl S 
C 5H5NG 44.79 31.46 3.80 3.26 15.54 
(4Z.67)(31.51) (3.72) (3.06) (15.51) 
C r H NO p- CH 3 	_J 4 41.39 33.19 4.13 3.07 14.9z; 
(41.40) (33.12) (4.03) (2.97) (15.O7 
pC1CH4NC 40.30 3 0. 14 3.33 3.32 22.04 
(39.67) (29.30 (3.26) (2.35) (21.67) 
p- CH 3  COC.H NO 
39.23 33.57 3.90 2.90 14.29 
(3,. 03 (33. 67) (3. 81) (2.0-1) (14.23) 
p-N0CJi NO 33.53 28.50 3.19 5.61 14.23 
34) (23. 68) k3.19) (5. 5  o") (14.14) 
p-CH3C6H4 NH2 41.63 35.73 4.38 
(41.58) (35.82) (4.48) 
C6H5NH2 42.73 34.32 4.08 
(42.86) (34.29) (4.18) 
p-BrC6114NH2 33.45 29.37 3.76 
(36. 52) (29. 21) (3. 37) 
p- NO2 06H4 NF18  36.77 
30.46 3.42 
(39.00) (31. 20) (3. 60) 
I... I 
Table 1.3.1 continued 
Ligand L 





Analysis, found (calcd)(°/o) 
40.49 3C.16 4.88 
(41.58) (35. 02  (4.48) 
48.05 123.53 3.36 
(48. 
 
27)j(2-3. 7 6 (3.44) 
43.42 1 2669 j4.51 
(42.03(26.60 (4.43) 
32 57 	3,31-3 3.69 	12.10 9.2C 
(35.58)(43.43) (4.01) 	(12.96) (5.84) 
I 	 I 
TABLE 1.3.2 
n.m.r. data for trans -2tC12 L(TMA)j in CDC13  
L T(A,B)a J(Pt-CH,) T (C)b T(D)b pL k(Z82K)(sec 
p-CH3C 5 H4NCi 8.44 49 7.84 743 1.3 3.3 
CH.NO  8.44 50 7.84 7.42 0.3 6.6 
p-C1CH4NO 6.4Ee 50 7.83 7.43 0.4 7.2 
p-CH3000Ji4INC 8•39 L,1 7.77 7.37 -0.15 20 
PN0,0 r H NO 8.42 51 7.77 7.37 -1.7 300 
Z 	i 	4 
C6H4CH2NH2 8.17 40 7.82 7.47 9.4 70 
p-CH3C6H4NH, 8.30 41 7.91 7.66 5.1 1.6 
C6H5NH2 8.34 42 7.95 7.71 4.6 4.6 
p-BrC6H4NH2 8.33 44 7.93 7.70 3.9 7.6 
p- NO C 	NH 
2 	6 ,4 
8.30 46 7.88 7.68 1.0 1650 
H2NCN 8.30 46 7.87 7.50 - - 
CD3CN 8.19 54 7.77 7.41 ca.-9 ca. 25000 
CH2 CHCN 8.43 54 7.79 7.42 - - 
CD3OJL) 8.43 57 7.77 7.36 -2.2 1200 
CH3CONH2 8.45 52 - 7.51 - - 
NH2CONH2 8.42 48 7.85 7.50 - - 
Notes: The n. nt. r. parameters were recorded at the limiting 
temperatures of the fluxional rearrangetr.ent in each case. 
a = A, B refer to the equivalent methyl groups attached to the 
coordinated double bond. 
b = C,)) refer to the nonequivalent methyl groups attached to the 
uncoordinated double bond, C being nearer to the platinum atom. 
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for the substituted pyridine series. The values of the rate constants 
used all refer to a temperature of 282K, which was found to be 
the optimum temperature for a comparison of the three series. 
Activation energies derived from the kinetic measurements were 
found to fall within the range of 10-14Kcal/ri.o1e, which were quite 
consistent with previous calculations of LE for this process. 
. 10 	14 
The frequency factor A had values between 10 and 10 sec -1  
The dimer jPtCl2(TMA)j2 was also reacted with a series 
of nitriles, diaJ.kylsulphides and amides. Reaction occurred in 
each case with the formation of a monomeric species, as 
indicated by the proton spectrum. 
Of the three nitriles used, acetonitrile, acrylonitrile 
and benzonitrile, the complex with acetonitrile was the best 
characterised. (Totally deuteriated acetonitrile was used as the 
protonated methyl resonance overlapped with the TMA signals.) 
Trans-jPtCl2(TMA) (CD 3CN)j was a yellow orange solid, quite 
stable in air. Its proton n. m. r. parameters, recorded at the 
limit of slow exchange,rnay e found in Table 1.3. Z. Elemental 
analysis results are presented in Table 1.3.1. Proton spectra 
were recorded over a range of temperatures (17-Zl3K) and the 
rate constant for the allene rearrangement was calculated from the 
line broadening measurements. The rate constant, extrapolated 
to 282K, was found to be ca. 2.5 x lOg, significantly higher than 
was found for any of the anilines, pyridines or pyridine-N- oxides. 
17 
An accurate pK value for CD3CN could not be found and thus an 
approximate value of -9 was used in order to include the data for 
trans-PtCl2 (TMA)(CD3CN'j in Figure 1.3.1. 
The product from the reaction of LPtC1..,(TMA)j,. with 
acrylonitrile was an orange powder, which yielded ruby red 
crystals when recrystallised from chloroform. No accurate kinetic 
measurements were made on this complex, presumed to have the 
formula trans- jPtCl2 (TMA )C2H3CNj, but the rate of intramolecular 
helical rotation of the aflene appeared considerably slower than 
for the acetonitrile complex. The proton n. n. r, parameters for 
the compound are given in Table 1.3.2. 
Benzonitrile was reacted with L  PtCl2(TMA)j2 but no 
complex was isolated. The formation of a complex, however, was 
clearly indicated by the proton spectrum of the reaction mixture. 
The fluxional rate of the allene in the complex appeared very fast, 
like that of acetonitrile. The "frozen out" state i. e. that of very 
slow exchange, was not reached at 193K. 
Complexes of the approximate composition trans-
{PtCl(TMA)(SR2)j (R = Me, Ph) were obtained by the reaction of 
din-iethylsulphide and diphenylsulphide with 1PtC12 (TM.A)]2 in CFCl. 
In the case of the dini ethyl sulphide derivative it was not possible to 
obtain a clear low temperature limiting spectrum due to some 
decomposition of the complex. The spectrum recorded at 293K, 
however, showed a singlet due to the S(CH3)2 protons, with platinum 
coupling, and  also a coalesced TMA resonance with platinum 
satellites. 
The room temperature proton spectrum of the diphenyl-
suiphide complex was similar but the low temperature limiting 
spectrum recorded at 213K was very different from the normal 
pattern for these allene compounds. The TMA region consisted of 
three signals with intensities in the ratios of 2:1:1 at 7.87T, 8. 10T 
and 8. 17T respectively, the two weaker resonances displaying 
platinum satellites with coupling constants of 50 Hz and 54 H. 
The proton spectrum depicting these three methyl resonances is 
reproduced in Fig. 1.3. 2. The analytical data are given in Table 
1.3.1. A molecular weight determination gave a value (53 6) close 
to that predicted for IL PtG18(T1\/.A)SFh2)J (548). 
The compound could only be prepared in Arcton (CFC13) 
and it contained slightly more than the theoretical amount of SPh2, 
as shown by integration of the phenyl resonances in the n.rnr. 
spectrum and by the elemental analysis data. This was thought 
to be due to partial decomposition of the complex yielding PtC12-
(SPh2)2 and free tetra methylallene. 
Derivatives were obtained with the amides cyanamide 
(NH2CN), urea (LNH2J2CO)  and acetamide (CH3GONH2). These 
complexes were not studied in great detail as it was difficult to 
ascertain which donor atom the ligands used in bonding to the 
metal. It seems likely that the nitrogen of the amino group acted 
Figure 1.3.2 Limiting n.m.r. spectrum of FtCl2(SPh2)(TMA) 
78 	 80 	 82 	 84 
as the donor atom as the urea ligands. in the compound L PtC12(urea)2 j 
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are known to be linked to platinum via the nitrogen atoms . The 
n.m.r. parameters for the amide complexes are given in Table 
1.3.2. No kinetic parameters were determined. 
Another molecule which was found to form a monomeric 
complex with the platinum allene system was deuteriomethanol. 
This was discovered accidentally after attempts had been made to 
use the methanol as a solvent for n.ni.r. purposes. The 
trans-1jPtCl2 (TMA)(CD3OD)j complex was not isolated but kinetic 
measurements were made on the rate of fluxional behaviour of the 
allene. The proton n. m. r. parar!eters are given in Table 1. 3.2 
and the rate constant for the complex has been plotted in Fig. 1.3.1. 
Straight chain alcohols are, in fact, known to give significant 
16 
amounts of alcohol-platinurn(II) complexes in alcoholic solution 
Attempts to prepare complexes in which carbon 
monoxide or ethylene was trans to tetra methylaIlene in the square 
planar Pt(II) framework were made by bubbling gaseous CO or 
C 
2 H 
 4 through solutions of the dimer LFtC12(TMA).1 . at 223K. A 
change of colour in each case from orange to yellow was an 
indication of reaction having occurred. The proton spectra 
recorded at 223K clearly demonstrated the presence of monomeric 
complexes of the type trans- L PtCL(TMA)L] (L = CO, C2H4). 
However, these compounds could not be isolated as decomposition, 
with the liberation of the allene, took place at temperatures 
2 C; 
greater than 253K. 
The treatment of [PtC1. (TIvIA ) j2  with triphenyipho sphine 
and dimethylphenylphosphine resulted in rapid formation of the 
bisphosphine platinurz. dichloride complexes and free allene. 
Carbon monoxide and ethylene are examples of w- bonding 
ligands, with strong trans labili sing powers and it is not unexpected 
that complexes containing either of these ligands trans to the allene, 
which is rather strongly trans labilising would be rather unstable. 
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However, there are precedents for this type of situation. Chalk 
reported the formation and isolation of the complexes 
trans- 'F-   Cl2(C0) 'olefin)] (olefin = hexene, octene, styrene), 
prepared by passing carbon monoxide through solutions of the 
chloride bridged platinum olefin dimers. 
The pliosphines might have been expected to give stable 
complexes but they also have the ability to weaken the metal-
ligand bond in the trans position and thus TMA can readily 
dissociate and the very stable bisphosphine complexes can be formed. 
Several preliminary attempts were made to prepare 
platinum allene complexes incorporating bidentate ligands. Trans- 
[PtC1 (TMA)(N-trans-glycine)] was prepared by displacing 
18-20 
ethylene from the analogous ethylene complex 	by tetrarrethy1- 
allene. This product, which was obtained as lemon yellow 
crystals, gave four methyl TMA resonances in the proton spectrum 
at 213K. The methyl groups on the allene are all inequivalent as 
2]. 
the complex has no plane of symmetry. The chemical shifts of the 
methyl resonances were 7.57T, 7.90T, 8.23T and 8.38T. The 
latter two signals showed platinum couplings of 42 Hz and 32 Hz 
respectively. It was assumed that the glycine was bonded to platinum 
with the nitrogen atom trans to the allene as this was the 
configuration relative to ethylene in the parent complex. 
Reactions with thealanjne derivative and with trans-
{PtG1(acac)(C8H4)] (acac = acetylacetonate) gave no satisfactory 
products, although there was evidence of some reaction having 
occurred. 
1.4 	Discussion 
One of the most striking aspects of the results presented 
in this chapter n-iust be the remarkable ease of cleavage of the 
chloride bridges in the dimeric structure iPtCl2(TMA)J2, brought 
about by a wide variety of ligands and giving rise to a considerable 
number of new compounds. The stability of these new compounds, 
trans-L PtCl2(TMA)Lj, was seen to be greatest when the ligand L 
bonded to platinum by a predominantly or interaction. The ligands, 
such as CO and C 
2 H 4  , which depend on ir-bonding to stabilise their 
interactions with metals, gave much less stable derivatives with 
the platinum-allene system. This is quite understandable as the 
allene and CO, or C 
2 H 4 
 , were mutually trans and, therefore, in 
competition for ir electron density from platinum. 
The phosphines and sulphides, despite being largely strong 
cr donors and weak ir acceptors, did not yield stable complexes as 
might have been predicted, because of disproportionation to give 
the very stable bis phosphine or bis sulphide platinum species, and 
liberated allene, 
The 'helical' rotational movement of the allene proved to 
be a very useful 'tag' to monitor the electronic effect on the 
system of changing a substituent or the donor atom in the trans 
ligand L. 
The anomalous results obtained for the complex formed 
with diphenylsuiphide can perhaps best be explained by assuming 
that, due to a preferred spatial configuration, the orientations of 
the planes of the CH3-C-CH3 groupings on the allene have been 
reversed so that the two methyl groups furthest from platinum are 
now equivalent. As a result, the two methyl groups on the 
coordinated double bond have different chemical shifts. It appears 
there must still be a plane of symmetry in the molecule to account 
for the equivalence of two of the methyl groups. This implies that 
there is free rotation about the platinum-sulphur bond over the 
range of n.m.r. recording temperatures studied. The apparent 
presence of a plane of symmetry through the Pt- L bond would 
rule out any possibility of the compound being a cis isomer. 
It is unfortunate that, due to its instability, a more 
thorough study of trans-1PtCl2 TMA)(SPh2)i was not possible. Its 
proton n. m. r. spectrum recorded over the temperature range 
Z3 
213-293K did, however, display broadening of the signals and 
ultimately, coalescence to give a sharp singlet with p1atinu 
couplin,. This effect was reversible. 
It would be interesting to investigate further the reaction 
of dirnethylsulphide and {PtCl2 (TMA)j2. If it could be shown that 
the apparently unstable complex trans-LPtC12(TMA)(SMe2)j gave 
a 'normal' low temperature proton n. xx.. r. spectrum i. e. one in 
which the intensities of the TMA methyl peaks were in the ratios 
of 1:1:2, the last one only having 
195 
 Ptsatellites, it would indicate 
that the abnoriiial effects found in the diphenylsuiphide system 
were indeed due to imposed steric restraints and not due to the 
influence of the sulphur donor atom. 
The kinetic measurements for the amine and pyridine-N- 
oxide series clearly demonstrate a linear relationship between 
log (l/'r) and the basicities of the ligands as measured by their 
pK values. Whereas the rates for the amine series closely 
resemble those for the pyridine series found oy Vrieze and 
13 
co-workers , the rates measured for the pyridine- N- oxides are 
markedly slower, much slower, in fact, than would have been 
expected in view of their weak basicities. It is interesting that 
the rate constant value obtained for deuteriomethanol should fall 
within the range of the pyridine- N- oxide values, thus indicating 
that the anomalously low rate constants found for that series are 
somehow related to the oxygen donor atom. 
Reference, at this point, to the crystal structure of 
trans - PtGl2(C0)(p- H3O- G 5H4NO)] determined by Orchin and 
14 
Schruidt , provides an important clue to the factor, other than 
basicity, operating in the case of oxygen donor ligands. Orchin 
and Sc.midt discovered that the Pt-O-N angle in the p-rk..ethoxy-
pyridine-N-oxide compound was 1200 and that the pyridine ring 
was almost perpendicular to the plane containing platinum and the 
four groups bonded to it. They suggested that the reason for this 
particular orientation could well be a favourable overlap between 
the lone pair of electrons in the p orbital on oxygen and an empty 
platinum orbital of suitable symmetry - probably the 6py. 
If the not unreasonable assumption is made that the 
structure of the allene compound is analogous to that of the 
carbonyl compound, we can postulate an interaction involving a 
donor action by oxygen to the platinum atom which causes an 
increase in the ir backbonding to the allene. 
When Orchin and Schmidt tentatively proposed this 
0-Pt pm pir overlap they decided that it would probably be 
energetically poor and that, in addition, the positive charge on 
nitrogen would tend to prevent the flow of electron density from 
the oxygen lone pair. In fact, they concluded that the particular 
orientation assumed by the pyridine- N- oxide ring was probably 
the favoured one due to crystal packing reasons. However, they 
had no means of measuring any overlap between oxygen and 
platinum and the fact that the results for the allene system point 
to some additional electron flow between oxygen and platinum 
would indicate that pi pir overlap must be significant. 
Deuteriorr.ethanol also has a p-orbital lone pair available 
on oxy;en and the slow rate of TMA rearrangement found for the 
methanol complex can also be explained in this manner. 
Thus, by taking the influence of the free electron pair 
on oxygen into account a reasonable explanation can be provided 
for the unexpectedly slow rates for the pyridine-N-oxide series. 
Another observation about the results displayed in Figure 1.3.1 
is that the slope for the pyridine- N- oxide series is steeper than 
for both N-donor series. It would seem reasonable that a change 
in the para-substituent will affect both the basicity and the donor 
properties of the oxygen lone pair. Therefore the change in 
total donor action will be expected to be greater for the N-oxide 
than for the nitrogen donor series. 
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THE PHOTOELECTRON SPECTRA 
OF SOME PLATINUM (II) COMPOUNDS 
CHAPTER 2 
2.1 	Introduction 
Photoelectron spectroscopy is a straightforward 
technique which permits the direct measurement of the energy 
required to remove an electron from an orbital within an atom 
or molecule. It is, in fact, the first technique which has 
provided a means of obtaining, for a given atom or molecule, a 
coniniete set of orbital bindim energies or 11 io::dsation potentials" 
from. the h-shell to the valence electrons. 
As these orbital iciisation potentials are characteristic 
of the parent atom or molecule,photoelectrcri spectroscopy has 
found applications both as an analytical tool for product 
identification and as a source of valuable data for theoretical 
chemistry and molecular physics. Another field in which the 
technique has proven useful has been that of surface chemistry. 
The bonding in adsorbed layers on surfaces has been studied in 
this way. 
The technique of electron spectroscopy, which is of 
comparatively recent origin, consists essentially of measuring 
the energy spectrum of the electrons ejected from a sample on 
bombardrient with a stream of rnonoenergetio rays or particles. 
The enorgies of the ejected electrons vary according to their 
orbitals of origin and they ca be simply related to th different 
orbital ionisation potentials of the 	atom. or molecule. 
The bombarding sources most commonly and conveniently used 
are X-rays and photons although other sources, e.g. electrons 
and metastable or 'hot' atoms have been investigated. The 
disadvantages in using an electron source are the difficulty of 
obtaining an intense monoenergetic beam and the problem of 
distinguishing between the bombarding electrons and the ejected 
electrons. The use of metastable or 'hot' atoms has been more 
widespread and has been applied to collision theory studies. 
Work, however, has been mostly restricted to the 
'soft' X-ray region where 	1 nrri or the vacuum u. v, region 
with 	= 30-100 nm. Most of the studies to date have been 
concerned only with measurements of the kinetic energy 
distribution of the photoelectrons although the angular 
distribution of photoelectron intensity and the spin distribution 
of the emitted electrons are also measurable parameters in 
these systems. 
The fundamental equation for the photoelectric process 
is the Einstein photoelectric law based on the energy conservation 
principle: - 
hv 	 - Z. + E 
kin 
where hv equals the energy of the incident photon, E(k) is the 
total energy of the final state with a hole in the kth  subshell, 
is the total energy of the initial state and E 
kin 
 is the kinetic 
energy of the photoelectron ejected from the Ir. subshell. The 
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photon energy thus determines the depth to which photoelectron 
spectroscopy can probe the electron energy levels. Due to the 
lack of readily available nionoenergetic photon sources in the 
rane between the vacuun ultra-violet and the 'soft' X-ray region, 
photoelectron spectroscopy has evolved in two quite separate 
areas, characterised L- j the energy of excitation. In ultra-violet 
photoelectron spectroscopy the upper limit of the photon energy 
is presently Ca. 40 eV while in the X-ray case the photon energy 
is typically about 1 keV. Ultra-violet photoelectron spectroscopy 
is therefore limited to the study of valence or quasivalence 
electrons and has been applied extensively to the study of gases 
and fairly volatile liquids and solids. The information from this 
part of the spectruri pertains to molecular bonding, substituent 
effects and isomeric and steno changes. X-ray photoelectron 
spectroscopy can be used to study both core and valence electron 
states. The X-ray technique is often referred to as E.S. C.A. 
(Electron Spectroscopy for her:ical Analysis) thereby emphasising 
its imoortant chemical applications. 
One of the objectives in the early development of the 
X-ray technique was to inprove the precision of measurements of 
core electron binding energies. Such measuren:ents now constitute 
the basis for compilations of electron binding energies. In the 
case of an element in a monoatonic gaseous form, these binding 
energies can be uniquely defined. However, if the element is 
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studied as a constituent of a molecule or a solid, the valence 
electron charge distribution will be changed, and this change will 
influence the core energy levels. Therefore, "chemical shifts' 
of binding energies may be observed in photoelectron spectra. 
These shifts represent an important source of information on the 
outer-electron structure of bonded atoms ana form the basis of 
many important applications of X-ray photoelectron spectroscopy 
in cheistry, for example. 
This chapter will deal only with the ultra-violet photo-
electron technique, frequently referred to as U. V. P. E. S. The 
usual source of photons for TJ.V.P.E.S. is the He' exciting line 
which provides an intense beak_ of photons with energies of Zl. 2 eV. 
The first comnercial photoelectron spectronieter 
appeared in 1967 and .:uch of the rapid growth cf the technique 
can be ascribed to the availability of the com.ercia1 instruments. 
The basic requirements of an electron spectro:.eter can be listed 
siriply as 
A pump to evacuatL. the equipment to a pressure of 
1 x 	6 rrm. Hg. 
An intense monochromatic source of ionising rays 
or particles. 
A collision chamber into which the sample and the 
ionising species can be introduced a:,.-id from which the 
photoelectrons can pass to an electron energy analyser. 
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An arrangen ent whereby the required amount of 
sample in the appropriate physical state is fed to the 
collision chamber. 
An electron energy analyser to monitor the electron 
flux emanatinr; from the collision chamber. 
Counting and recording equipment to plot the 
spectrum. 
The electron energy analyser normally employed is an 
electrostatic one, from which the energy spectrum is obtained by 
sweeping the voltage on the plates. For a given applied voltage 
only electrons of one specific energy can be focussed onto the 
exit slit of the analyser. 
The spectrum as recorded on chart paper consists 
essentially of the count- rate reistered by the fccussed electrons 
plotted against the voltage on the analyser electrodes. The voltage 
needed to focus an electron depends on its kinetic energy and thus 
also on its parent ionisation potential. In order to afford easy 
comparison of spectra obtained on different instruments the x-axis 
of spectra are calibrated in terms of "orbital ionisation 
potential1 measured in electron volts (eV). 'One eV is equal to 
36-3 kJ aole, The algebraic relationship between the analyser 
voltage and the kinetic energy of the collected electrons is readily 
obtained by using a " standard" substance whose ionisation 
potentials are available from independent sources. One or more 
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of the noble gases, argon, krypton or xenon, can, for example, be 
used for calibration and this enables photoelectron spectra to be 
provided with an orbital ionisation scale reading directly. 
Multiple ioiiisations of the kind 
+ 
M+hv - 1,k 11 +ne 
can occur but the electrons released do not give rise to discrete 
peaks in the spectrum as the energy is distributed between the n 
electrons and so that overall this effect results only in an increase 
in background count in the spectrum. In the normal case where 
n = 1 the single photoelectron can have only one, discrete energy. 
It is important to note that the second, third, 
1
1 t etc. 
orbital ionisation potentials measured from the peaks in a 
recorded spectrum. represent the energies needed to expel a 
single electron from tire second highest, third 	
n th 
highest occupied orbitals of the sample, and not to the energies 
needed to eject two, three, 11 electrons. 
The material whose ultra violet photoelectron spectrum 
is to be recorded may be a gas,aliquid or a solid, provided that 
its vapour may be introduced into the target chamber at a pressure 
of 1 to 15C microns. A heated probe may be used to increase the 
vapour pressure of a non-volatile sample. This, unfortunately, 
can lead to the sample condensing on colder parts of the apparatus 
thus giving rise to discrepancies. Samples can also be adsorbed 
on the walls of the target chamber where they may react 
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chemically with subsequent sanples. These problems can, in 
part, be overcome by "baking out" the apparatus at high 
temperatures. 
The photoelectron spectrum obtained by the technique 
outlined above consists of a series of bands. 3?rom the introductory 
theory of the process it would be supposed that each band would 
correspond to an atomic or molecular orbital of the sample 
substance. It might also be supposed that doubly and triply 
degenerate orbitals would give rise to bands of two and three times 
the intensity of a non-degenerate orbital and that the width of the 
II  bands" , since they represent essentially single ionisation 
potentials, would be governed b;rexperimental resolution. These 
suppositions are, in fact, largely true for X-ray photoelectron 
spectra but for ultra-violet photoelectron spectra other factors 
must be considered when attempting an interpretation of the bands 
in the spectrum. 
The simple "one band per orbital" concept can become 
complicated by vibrational and rotational fine structure. 
Vibrational excitation ci the molecule is usually ignored, i.e. 
the molecule is taken to be in the ground state (v = 0) but for each 
possible ionic state 
E 	hv - (I +E. +LIE 
n n vab rot 
where 1 = th ionisation potential in the absence of vibrational 
and rotational energy (other than zero-point) - this is known as 
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the adiabatic ionisation potential. 
E vib = vibrational excitation of the ion 
i E 	rotational excitation of the ion. 
rot 
E 
vib 	rot 	 fl 
and E 	are sraller than I but with a standard high 
resolution vacuum ultra-violet spectrometer vibrational fine 
structure can easily be observed in the spectra of small 
molecules. &L 	changes have only been resolved for H 
rot 	 2 
but effects of groupins of rotational levels have been observed 
for other small molecules. Where vibrational fine structure 
can be resolved and analysed it can yield vibrational 
frequencies of the molecular ion and these can be related to the 
corresponding frequencies in the neutral molecule. Information 
about the ionic state and about the orbital from which the electron 
was ejected can also be gleaned. 
If the electron has arisen from a non-bonding level 
there will be little or no difference in internuclear distance and 
hence there will be little or no vibrational excitation in the ionic 
state. A sharp band in the spectrum will therefore result. If, 
however, the ejection occurred from a bondin5 or anti-bonding 
level, thereby causin a chanje in internuclear distance there 
will be considerable vibrational excitation in the ionic state, as 
predicted by the Franch-Gondon principle, and the resulting 
band in the spectrum viill show vibrational fine structure. Spin 
orbit coupling and the Jahn- Teller effect are other factors 
which rriay complicate the band structure of a spectrum. 
3 
Often only broad bands are observed in the spectra. 
These may be due to poor instrument resolution or to ion 
decomposition but, nevertheless, the breadth of the band does 
give some indication of bonding character. The vertical 
ionisation potential, which corresponds to ionisation from the 
undisturbed molecular configuration and hence is the quantity 
related to molecular orbital energies, is taken as the rost 
probable ionisation transition cr as the maximur of an unresolved 
band. 
The vertical ionisation potentials aro related directly 
to molecular orbital eiiergies by what is known as Koopmans 
theorea which states essentially that the ionisation potential is 
the negative of the corresponding orbital energy. The theorem 
involves several approximations and is only valid for closed shell 
molecules. The assumption is usually made that ionisation 
potentials can be compared directly with calculated orbital 
energies and that any discrepancies are due to inaccuracies in 
calculations. 
The analysis of ionisation potential data derived from 
photoelectron spectra hinges on the question of assignment. This 
is undoubtedly the area most fraught with difficulties in this 
technique. There have been several cases of disputed assign-
ments in the literature. This is particularly true in the case of 
larger molecules. Spectra of some small molecules can be 
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completely analysed and can provide very detailed knowledge of 
the bonding. It is unlikely that the spectrum of any molecule of 
more than twelve or so atoms can be fully analysed yet the partial 
analyses possible for these larger molecules can also be very 
useful. Often the best means of approach when attempting to 
assign the spectrum of a complex molecule is a judicious mixture 
of chemical intuition and circumstantial evidence derived from the 
study of a series of related compounds and related model systems. 
Many of the photoelectron spectroscopy studies 
published in the literature have employed a series of closely 
related compounds, usually of the same symmetry class. An 
1. 
example is the report by Evans, Green and Green et al. on 
the photoelectron spectra of a series of substituted manganese 
pentacarbonyls. Their assignments of the bands in the spectrum 
of hydridomanganese pentacarbonyl were disputed by Cradock, 
2 
Ebsworth and Robertson in their paper on the spectra of siiyi 
and gerrnyl transition metal carbonyls and related species. More 
recently other assignments made by Evans, Green and Green et al. 
have been disproved by Hillier and others 
This chapter deals with the photoelectron spectra 
recorded for some square planar platinum (II) complexes and 
the difficulties involved in. their interpretation. Spectra of 
platinum complexes have already been published, notably that 
4 
of tetraldstrifluorophocphine platinum (0), Ft(PF3)4 . Some 
_, U 
data on X-ray photoelectron spectra of platinum (II) complexes 
S 
has appeared in the literature , but none, so far, on ultra-violet 
photoelectron spectra. The reasons for this are not far to seek. 
The spectra are exceedingly complex due to the presence of 
many different types of orbital with similar binding energies, 
which results in considerable overlapping of bands. 
2.2 	Results 
The He'  vacuum ultra-violet photoelectron spectra of 
trans_PtX(PEt3)j (Z Cl, Br, I); trans- 11-tHX(FEt3)2 j (X = 
Cl, Br, I); trans- ,PtL(PMe3)2 j and trans- .FtHX(FMe3)2 
(X = Cl, I) were recorded on a Perkin-Elmer PS16 instrument 
equipped with a heated probe. 




 J, PMe3  
and PEt3  were also measured for purposes of comparison. The 
compounds were prepared by standard procedures (see Chapter 
6) or as described in Chapter 6. Purification in all cases was 
achieved by vacuum. sublimation . The high level of purity 
obtained was confirmed by mass spectroscopy and melting point 
deterinations. Mass spectra were also recorded at low 
ionising voltages con-'parable to those experienced in the photo-
electron spectrometer in order to ensure that the photoelectron 
spectra obtained were those of the whole molecules and not of 
fragments. None of the platinum compounds were very volatile, 
as might be expected, but sufficient quantities could be 
35 
introduced into the taret chamier by heating the probe to 100°C-
150°C. Stringent puriication was necessary to rid te samples 
of any volatile conta4:Jnants e.g. solvents, which could 
significantly have altered the spectra. 
The list of first ionisation potentials derived from the 
spectra of the platinum compounds is given in Table 2. 1. 
Only first ionisation potentials are quoted because thereafter it 
is impossible to distinguish all the individual ionisation 
potentials. It is surprising how close all the first ionisation 
potentials are, with the exception of the palladium compound, 
despite changes in halide, phosphine and the presence, in some 
cases, of a hydtide. All the ionisation potentials quoted in this 
chapter are vertical ionisation potentials. The spectra of the 
complexes are reprocuced inflgures 2. 1 - 11. Bands occurring 
at ionisation potentials greater than 11eV can be regarded as 
due exclusively to the phosphine ligands. This can be easily 
demonstrated by recording spectra of the phocphines themselves 
and the spectra of Pvic3 and r:@t3 are shown in Figures Z. 12 and 
2.13. The first ionisation potentials obtained have been 
included in Table 2. 1. 
2.3 	Discussion 
Before the spectra are discussed in detail it would be 
useful to state what information it was hoped to find in the 
photoelectron spectra of these square planar platinum complexes. 
TABLE 2.1 
First lonisation Potentials of Some Platinum II Compounds 
Conpound 1st I P. (eV) 
t-:PtCl2(PEt3)2 j 7.64 
t-PtBr(PEt3)2j  7.64 
t-Pt12(PEt3)2J 7.36 
t-PtClH(PEt3) Z i 7.C3 
t-PtBrI-!(PEt3).. 7.73 
t-PtHI(PEt3)2 j 7.20 
t- Pt12(PMe 3 ) 2 j 7.75 
t- PtClH(PMe) 7.4 (?) 
t-PtHI(PMe3).j 
t-FdCl2(PEt3)2 j 8.10 
t- Pt(CH3)I(PEt3)J 7.Zb 
PEt3  8.4 
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The C2 syn.metry class has been used as the most 
convenient to coripare the complexes. In a 0 system the d 
xy 
orbital is of unique symmetry, and it would have been instructive 
if this orbital could have been located and traced frorn one 
complex to another. The variation in the platinum-hydrogen 
bonding level as the trans halide ligand is varied was another 
area in which information would have proved useful. The extent 
of backbonding from platinum to phosphorus and the positions of 
the halogen lone pair orbitals were also considered as potential 
benefits from studying these photoelectron spectra. Unfortunately, 
but perhaps predictably, with the exception of the last item - 
the halogen lone pairs - the spectra yielded no information about 
the levels listed above. The relevant levels si-ply cannot be 
positively identified as the spectra are too cc'plex. The 
inherent drawbacks of these platinum compou:ads are their low 
symmetry and the problem of overlapping ha:ecis. Band 
overlapping constitutes the major limitation in the extension of 
U.V.P.E.S. to larger molecules. 
However, despite the complexity of the spectra 
features of interest can be discerned. In particular the iodine 
lone pair levels can be identified with some degree of certainty. 
They appear as a quite well resolved doublet in each of the 
three monoiodide3 between 7 and 8eV. They in fact account for 
the first band in the spectra of the mnonoiodides. The doublet 
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splitting is consi.tently C. 35 - 0.4eV. In simpler, more highly 
symmetrical molecules the doublet nature of the band originating 
from the iodine lone pair is a result of spin orbit coupling. This 
can arise when an electron is removed frorri a completely filled 
p-orbital in a molecule or atom containing an even number of 
electrons. The ion thus formed will be characterised by an 
orbital quantum number of 1, and will possess an unpaired electron 
of spin. tl/2.  Therefore, spin orbit coupling can occur to give 
two ioaic states with J = 3 / 2 or 1/2, and hence different energies. 
When a molecule has no three fold axis of symmetry as, for 
example, in a C2 system, the concept of spin orbit coupling 
strictly no longer applies. Hwever, the splitting observed 
between the peaks ascribed to the iodine lone pairs in these 
platinum complexes may be regarded as related to the spin orbit 
coupling found in systems of higher symmetry. 
The splitting of Ca. 0.4eV found for the iodine lone 
pair in the platinum complexes is smaller than that found for 
6 
alkyl iodides and for silyl and germyl iodides . It is more than 
likely that interaction of the lone pair orbitals with orbitals on 
platinum takes place to bring about the reduction in splitting. 
The doublet splitting of the iodine pir band in Mfl(CC)rI  has been 
1 	 1 
reported to be only C. 3eV and metal-iodine interaction is 
presumably the cause of the reduction here also. 
The doublet eand assigned to the iodine lone pair in 
42 
the platinum monoiodides appears at an ionisation potential 
unusually low when corapared with the position of bands ascribed 
6,7 
to iodine lone pairs in other rolecules 	* In fact, its position 
at Ca. 7. 5eV represents a shift of nearly 3ev from the first 
8 
ionisation potential of iodine at 10.4eV . This indicates a 
significant increase in electron density on iodine in the platthurh 
complexes. 
In the spectra of both diiodiaes, PtL(Et3)2 and 
Pt12 (PMe3)2 , the iodLie lone pair electrons aain account for 
the first bands in the spectrum, but as there are now four iodine 
lone pairs in each con pound the bands take the form of triplets 
rather than doublets. These"triplets" are in fact overlapping 
pairs of doublets with similar splittings to those observed in the 
monoiodide s. 
The chlorine and bromine lone pair levels, which may 
also display pseudo spin orbit coupling, cannot be identified with 
any degree of certainty. The couplings, if present, will be 
smaller than those found for the iodides which means the bands 
will be closer together and not easily recognisable as doublets. 
They will also occur at higher ionisation potentials and will be 
undoubtedly masked by other levels. Another drawback is the 
suspect nature of the spectra of the bromides. Although great 
efforts were made to prepare the pure comp--u-ads it proved 
extremely difficult to do so because of the equilibrium prevailing 
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in the chloride/ bromide exchange reaction. The mass spectra 
revealed that the bromide samples were conta.ninated with 
chloride, although only to a small extent, less than lO°/o in all 
cases. The danger of even such a small amount of impurity in a 
photoelectron sample is illustrated by the spectra of PtCl2(PEt3).. 
and PtBr2(FEt3)2. They are strikingly sirTd]ar and the suspicion 
unfortunately, is that the chloride impurity has sublimed first 
during the recording of the bromide spectrum. 
The bands at lU.0 and 10.7eV in ItCl2 (FEt3) 2 are 
likely to be at least partly due to the chlorine lone pair levels. 
However, there are bands at or near 10,0 and 10.7eV in all the 
spectra so no conclusions can be drawn. 
The first bands in the spectra of con. pounds other 
than iodides will contain electrons ejected from platinum 6s and 
5d orbitals, platinum-phosphorus bonding levels and platinum-
hydrogen bonds. The intensities and widths of these bands bear 
witness to the fact that these levels occur very close together. 
In 
As mentioned earlier bands occurring at ionisation 
potentials greater than 11eV are largely derived from the 
phosphine ligands. There will also be contributions from s levels 
in the complexes but these arc generally weak. A comparison of 
the phosphine spectra (Figures Z. 12 and 2. 13) and the spectra of 
the complexes shows clearly t.!at the phosphine levels at 
higher ionisation potentials, i.e. the C-?, C-H and C-C bonding 
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levels, have been little affected by coordination to the metal. 
The first bands in each phosphine spectrum, i.e. at 3.45eV and 
3.72eV for PEt3 and FMe3 respectively, arise from the lone 
pairs of electrons on phosph:;rus and these ecoie the Pt-P a-
bonding levels in the compounds. It is interesting that the 
phosphorus lone pair in PEt3 occurs at a lower ionization 
potential, 0.27eV lower than in PMe3 6, This indicates that the 
lone pair in PEt3 is less tightly held, i. e. that it is more 
capable of being donated. This indication can be substantiated 
by comparing the spectra of PtHI(PEt3) 2 and FtHI(101,ae3)2. They 
are extraordinarily similar as regards peak shapes and intensities. 
Where they differ is in the positions of the bands. Those in 
the tr.ethylphosphine complex appear consistently ca. C. 3eV 
lower. A comparison Df the spectra of PtC1H(PEt3)2 and 
PtC1H(P1V1e3)2 is, at first sight, not so convincing. The first 
band in PtC1H(PMe3)?  occurs at 7.4eV - considerably lower 
than the first band in the F'Et3 counterpart at 1.88eV. However, 
there is reason to believe that the 7.4eV band is due to an 
iodide impurity. If this hand, which is much weaker than the 
other bands, is disregarded these spectra also show great 
similarity and each band in the PEt3 analogue appears 0.3-0.4eV 
lower than the corresponding one in the trimethyiphosphine 
complex. The pseudo triplet in Pt12(PEt3)2 also displays the 
0.3-0.4eV shift to lower ionisation potential when compared 
45 
to the first three bands or "triplet" in PtI(PMe3)2. 
These observations do indeed seem to prove that 
trietriylphosphine has -reater donor capabilities than 
trimethylphosph.ine. Results based on n.m. r. data which tend 
to imply the reverse are presented in Chapter 3. 
The spectrum of trans[PdCl2(PEt3)2J was recorded 
in order to compare it with that of the platinum dichloride. The 
spectra are very alike apart from the bands at lowest ionisation 
potential. These occur at 7.64eV in the platinum complex and 
at 8.10 eV in the pa1ladiurr case. This is in contrast to the 
first ionisation potentials of the metals themselves which have 
been measured as 9. GeV and °.33eV for platinum and palladium 
8 
respectively 	However, there are other factors which come 
into play when atoms with open shells rather than molecules with 
closed shells are considered. 
The first band in PtC12(PEt3)2 is comparatively 
small and sharp whereas that in PdCl(PEt3)  is large and broad. 
It is likely that this latter band consists of two levels which 
could correspond, in the platinum case, to the peak at 7.64eV 
and the shoulder at 3. eV. This would then be in agreement 
with the observed peak intensities. 
It is usual when comparing photoelectron spectra of 
related compounds to draw correlation diagrams in which the 
bands observed in one spectrum can be related tc those in 
another spectrum and changes in band positions are t,-,us traced 
from compound to copound. This is a useful exercise when the 
spectra consist of more or less discrete bands which can be 
assigned with some confidence but it is of little value when the 
bands are amalgamations of several levels and assignments are 
necessarily guesswork. However, it has been possible in these 
platinum complexes to identify the iodine lone pairs with 
reasonable certainty and the comparison of the triethyl- and 
trimethylphospjine pairs of complexes has proved interesting. 
In order to enable further analyses of these spectra to be 
made some simpler platinum compounds should first be 
investigated in order to establish a framework of knowledge 
into which the clues derived from more complex spectra may be 
fitted. The problem, unfortunately, is to find simple, highly 
symmetrical complexes which are stable and volatile enough 
to enable their spectra to be measured. 
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CHAPTER 3 
SOME HYDRIDE COMPLEXES OF PT (ii) 
AND PT (Iv) TRIMETHYLPHCSPHINE 
COMPOUNDS 
CHAPTER 3 




It was in 1957 that Chatt, Duncanson and Shaw announced 
the discovery of trans- f PtC1H(PEt3)2J, rightly regarded at that 
time as a remarkable compound. In the light of the properties of 
other hydrides then known, in particular the carbonyl hydrides of 
the lighter transition metals, its stability was unique. It was 
stable in air and even capable of being distilled under reduced 
pressure. This was in fact the first transition metal hydride 
complex to be isolated which had no carbon atoms attached to the 
2 
central metal atom • It was soon obvious that tertiary phosphine 
ligands were very effective in stabilising the metal-hydrogen bond. 
During the past seventeen years work on the properties 
and reactions of platinum hydrides has been fairly extensive. 
Hydrido complexes of platinum(II) of the type trans-{PtHX(MR3)2] 
are now known for many different phosphi.nes and arsines and for 
a variety of ligands X. Complexes of six-coordinated platinum 
incorporating hydride ligands have also been isolated and 
3,4,5 
characterised 
Much of the research in this field has depended on 
proton magnetic resonance as a very convenient method for 
studying hydride species of this type, particularly unstable 
intermediates. The characteristic high field resonances associated 
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with hydrogen atoms directly bonded to platinum are very 
amenable to detection in this manner, being well, separated from 
resonances due to the other ligands. The application of double 
resonance techniques, especially with regard to 195  Pt satellites 
of the hydride resonances, provides an opportunity for extraction 
of considerable information which can be very valuable in 
discussions of bonding in these complexes. 
The reactivity of transition metal hydrides is well 
known; the hydrides of platinum complexes are no exception to 
the general rule. Their ability to undergo reactions of many types 
has been largely responsible for the interest shown in them in 
recent years. The reaction involving insertion of small molecules 
into the platinum-hydrogen bond has had applications in the sphere 
of homogeneous catalysis. Oxidative addition reactions, in which 
the oxidation state of the platinum atom is increased by two, occur 
readily and are often followed by reductive elimination of small 
molecules. Hydrides are found as intermediates in several types 
of reaction, hydrolyses and oxidative additions being only two 
examples. The labilising influence of the H ligand on the metal-
ligand bond trans to it is well known and this effect gives rise to 
several synthetic possibilities. 
It has been mentioned that the stability of the platinum 
hydrides of the type trans-[PtHX(PR3)2] is due largely to the 
ability of the tertiary phosphines to stabilise the Pt-H bond. 
Many different tertiary phosphines have been incorporated into 
50 
stable hydrides but significantly it appears that there has been 
little attempt to prepare platinum hydrides with the simplest 
tertiary phosphine - trim ethyiphosphine. There have been several 
studies of dihalide and tetrahalide derivatives of trimethylphosphine 
6-10 
platinum compounds 	but the only mention of a hydride compound 
11 
was that of Chatt and Shaw who reported the preparation and 
some properties of trans- [PtC1H(PMe3)2].  They also reported 
that the compound was too unstable for purification. 
This chapter deals with the synthesis, properties and 
selected reactions of some hydridohalotrimethylphosphine platinum 
species. The study of these compounds was undertaken principally 
for purposes of comparison, both from a chemical reactivity and 
a spectroscopic point of view, with the analogous triethyiphosphine 
systems. 
3.2 	Synthesis and characterisation of trans-{PtHX(PMe3)2J 
Cl, Br, I). 
The compounds trans-{PtHX(PMe3)2J (X = Cl, Br, I) 
have been synthesised and characterised by mass spectroscopy, 
infra red spectroscopy and nuclear magnetic resonance spectroscopy. 
The photoelectron spectra of the chloride and iodide have been 
discussed in Chapter 2. Assuming the reactions of 
trans-[PtHI(PMe3)2] to be representative, oxidative additions of 
simple molecules have been investigated, to determine whether 
any significant differences between these systems and the 
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analogous triethyiphosphine systems exist • The reactions with 
H2S, H2Se and H2Te appear in Chapter 4 for direct comparison 
with the results obtained for trans_[PtHI(PEt3)2]. 
Trans- jPtC1H(PMe3)2} was prepared using a slightly 
11 
modified version of the synthesis quoted by Chatt and Shaw 
The bromide and iodide were obtained by metathetical replacement 
with potassium bromide and iodide, utilising the lability of the 
chloride ligand trans to the hydride. 
The hydrides are colourless crystalline solids. They 
are stable in air, although not indefinitely. After several weeks 
they become discoloured and are found to have partially 
decomposed. All are rather volatile, subliming readily at 
70°C/0 01mm. Sublimatiou was found to be a very effective 
means of purification. Like their triethyiphosphine analogues the 
hydrides are extremely soluble in common organic solvents. 
Infra red spectra 
The vibrational spectra of the three hydrides were 
recorded from 4000-80 cm- . Apart from the two areas where 
vibrations of the platinum-hydrogen bond occur the region from 
4000-500 cm '  does not contain much information about any of the 
complexes as a whole, the vibrations present being very similar 
to those of the free phosphine. The main region of interest is 
that below 500 cm
- l
where most of the skeletal modes are to be 
found. Table 3.1 sets out the regions of absorption from 
52 
4000-200 cm which the hydrides have in common i.e. those 
associated with the trimethyiphosphine ligands. Table 3.2 
details the absorptions in the far infra red down to 80 cm and 
includes the vibrations of the Pt-H bond. The stretching 
frequencies of the Pt-H bond in the related compounds 
trans-[PtHX(PEt3)2] (X = Cl,Br,I) are included in Table 3.2 for 
comparison. 
The far infra red spectra [400-80 cmJ are 
reproduced in Figures 3.1, 3.2 and 3.3. 
In addition to the vibrations listed in Table 3. 2 a medium 
intensity band can be seen at ca 80 cm 1  in each spectrum, and 
may be due to crystal lattice modes or to a Pt-P torsional mode. 
6 
Park and Hendra suggested these assignments for bands 
appearing at Ca, 100 cm in both the infra red and Raman spectra 
of trans-[PtX2(PMe3)2} compounds using as evidence the fact that 
the bands were absent in solution spectra. 
The platinum-chlorine and -bromine stretching 
frequencies agree excellently with those obtained for 
12 
trans- {PtHX(PEt3) 2 J (X = Cl, Br) by Adams et al 
The spectra of trans-[PtHX(PEt3)2] (X = Cl, Br, I) were 
measured in the low frequency region [400-80 cm"] for 
comparison with the trim ethylphosphine analogues. The parameters 
obtained were in exact accordance with those reported by Adams. 
Also observed in the spectrum of t-{PtC1H(PEt3)2J was a band at 
126 cm, an observation which lends weight to the assignment of 
TABLE 3.1 
Infra red absorption frequencies (4000-200 cm) associated 
with the ligand PMe3 in the complexes trans-IPtHX(PMe3)2] 
(X = C1,Br,I). 
1 	 6,7 
Frequency (cm ) Assignment 
3000-2900 	 CH  stretch 
1430-1400 	 CF!3 asym. deformation 
1300-1280 	 CH  sym. deformation 
950, 860 	 CH  rock 
750-730 p-c3  asym. stretch 
680 p-c3  sym. stretch 
284 P-c3  sym. deformation 
213-209 P- C3  asym. deformation 
TABLE 3.2 
Infra red absorption frequencies of the skeletal modes of the 
complexes trans- LPtHX(PMe3)j (X = Cl, Br, I). 




351 Z69 	12Z 
t-jPtBrH(PMe3)2J 
2218a 
788 351 178 	- 








a = frequencies correct 1 cm. 
+ 	-1 
Other frequencies are correct - 3 cm 
400 	 300 	WAVENUMBER CM' 	200 	 100 
r\) 
400 	 300 WA\'[NUMBER Crvr' 	 200 	 100 
r'J 
400 	 300 	WAVENUMBER CM' - 	 200 	 100 
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the band at 122 cm 1  in the t-{PtC1H(PMe3)2J spectrum to the 
platinum chlorine defoTrnation mode. 
Two platinum phosphorus stretching modes are expected 
from a consideration of the symmetry of t-[PtHX(PMe3)2] but 
only the strong asymmetric mode was observed in the spectra. 
It may well be that the symmetric stretching mode is masked by 
another band or that it is too weak to be detected. The position 
of the v(PtP) observed is invariant with the ligand X. This is 
quite reasonable as interaction of vibrations of adjacent bands 
is almost completely prevented in the square planar environment. 
Shown also in Table 3.2, for the sake of comparison, 
are the platinum-hydrogen stretching frequencies of the 
analogous triethyiphosphine complexes, recorded under the same 
conditions. It can be seen that the values for the trimethyl-
phosphine compounds are marginally greater and that there is 
a trend for v(PtH) to decrease in the order Cl >Br> I, as has 
13 
been found for other series . The only reference in the 
literature to a platinum hydrogen stretching frequency for a 
11 
t-rimethylphosphine complex has been that of Chatt and Shaw 
who quoted a value of 2182 cm 1  for tr[PtC1H(PMe3)2] recorded 
in carbon tetrachloride solution. The apparent discrepancy 
between this value and the frequency given in Table 3.2 for the 
same compound is undoubtedly due to the fact that one result was 
obtained from a solution sample and the other from a Nujol 
14 
mull. As Jesson points out , v(PtH) varies considerably from 
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solid to solution and also from solvent to solvent. These effects 
are more pronounced when the hydride is trans to a halogen as is 
the case here. 
N.M.R. Spectra 
All the n.rn.r. parameters for the compounds are 
presented in Table 3.3, which also includes the data for 
trans- LPtHX(PEt3)2] (x = Gl,Br,I) for comparison. The proton 
spectrum of trans- 1PtC1H(PMe3)Ps reproduced in Fig. 3.4. 
31 	195 
The P and 	Pt chemical shifts and the values of 
1J(PtP) were obtained by heteronuclear double resonance 
techniques. The high field resonance assigned to the platinum 
hydride in the I H no rn, ro spectrum consists of three triplets. 
The two outer triplets are due to a doublet splitting caused by the 
195 o 
Pt nuclei of spin 1/2 (33.7 /c abundance); the centre triplet is 
due to the molecules which contain Pt nuclei with zero spin. The 
triplet pattern of these three peaks is due to coupling with the two 
31 
equivalentnuclei. 195Pt chemical shifts are determined by 
watching the perturbation of either the upper or lower triplet while 
"tickling" the 
195 
 Ptresonant frequencies. This perturbation or 
partial collapse of the signal, occurs at two frequencies, the 
average of which gives the required chemical shift. The difference 
between the two "collapsing" frequencies is equal to 1J(PtH) 
which is measured directly from the proton spectrum. 31P 
chemical shifts are obtained by irradiating the 31 P nuclei and 
measuring the frequency required to coalesce the central triplet. 
TABLE 3.3 
N. ii. r. parameters of trans-L PtHX(PMe3)2 and (for corparison) trans_LPtHX(PEt3)2Ja 	(x = Cl, Br, I) 
Corpounc T(}I) 
6(31p)b 5(155Pt)C 1J(PtH) 13(PtP) 23(PH) TH3) 	2J(PH)+4J(PH) 3J(PtH) 
t L tClH(PjJ.Le3)J +27.09 -14.1 +99 +1350 +2560 -16.0 +8.48 	 7 +34 
Iz 
t-1FtBrH(2Me3),j +25.55 -.4 -4 +1406 +2620 -16.0 +2.43 	 7 +34 
t_ LztHI(Me).J +22.51 -20.0 -190 +1446 +2550 -15.0 +6.36 	 8 +34 
t-1Ptcm(PEt3)) +26.0 	+22.8 C +1275 	+2730 -14.5 	- 	- 	- 
t-1 tBrH(PEt3)j +25. 55 	+22.0 -126 +1331 	+2736 -13.7 	- - - 
t-PtHI(PEt3)2 +22.65 	+15.3 -325 +1369 	+2660 -13.3 	- 	- 	- 
Estimated errors C.03 	i 0.3 1 2 	30 0.5 	0.03 	 1 	1 
Note: All pararieterS for t- PtHX(Pivie3)2 J were recorded in CH2012 solution at 293°K using either CH 2C12 or 
TMS as internal proton standard. 
a = these values are taken from reference 16. 
b = p.p.m. to high frequency of external 85°/o H3  I
T C;4  
c = p.p.. to high frequency of external 0. 51\1 trans-?tC1H(PEt3)2i in CH2Cl. 
Figure 3.4 N.m.r. spectrum of trans—(FtC1H(Pe3)2 ) 
—I 
23 4 	 22 	16 	 15 
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The same procedure on either the upper or lower triplet affords 
a determination of 1J(Pt?). 
The signs given to the coupling constants quoted in 
Table 3. 3 have been based on the reasonable assumption that 
they will be the same as those determined for closely related 
15 
systems 
The errors estimated in the calculations of 31 P and 
195 Pt chemical shifts and 1J(?t?) are necessarily quite large 
because of the difficulty in locating, by spin "tickling 
procedures, the exact centre of a group of lines in the 31?  and 
195 Pt spectra, each of which consist of a complex set of subspectra. 
It will easily be seen from Table 3. 3 that the 
trimethyipho aphine and triethyipho sphine complexes differ 
significantly from each other in four sets of parameters - those 
of 31 P chemical shift, 
195 
 ?t chemical shift, 1J(PtH) and 1J(PtP). 
The differences in 
31 
 P chemical shifts are easily 
17 
explained. Free triethylphosphine resonates at -20.4p.p.m. 
18 
trirnethylphosphine at -6Zp.p.rn. . The shift to higher frequencies 
on coordination of the phosphines to platinum is due to the 
deshielding of the phosphorus arising from a- donation of 
electrons to platinum on bond formation. The relevant parameter 
for a direct comparison of the two phosphines is the 11 coordination 
17 
chemical shift" , defined as the difference between the chemical 
shifts of phosphorus in the complex and in the free ligand. For 
trans-[PtC1H(PMe3)2] this difference is +47.9 p.p.m.; for 
56 
17 
trans- [PtC1H(PEt3)2] it is +43.2 p. p, m. McFarlane has 
related the coordination chemical shifts for several pairs of cis/ 
trans platinum dichiorides with different phosphines to the (r donor 
* 
ability of the phosphines. Increasing coordination chemical 
shifts corresponded to increasing powers of (r donation. If this 
argument is extended to include hydrides it can be deduced that 
trim ethyiphosphine is a better o donor than triethyiphosphine. 
The variations in 
195
Pt chemical shift for the two series 
of hydrides are very pronounced, the shifts of the trimethyl-
phosphine series being considerably more positive i.e. the 
195 
 Pt 
nuclei in these complexes resonate at higher frequencies. This 
means that the Pt nuclei are shielded to a greater extent by 
trimethyl than by triethyiphosphine ligands. The shielding of a 
nucleus is commonly regarded as consisting of diamagnetic and 
paramagnetic contributions, of which the paramagnetic term has 
been suggested to be the dominant factor in determining the 
19 	 20 
chemical shift • Dean and Green have observed that increased 
paramagnetic shielding of a platinum nucleus can be caused by 
increases in both o and ii covalency in the metal-ligand bonds. 
The phosphorus chemical shift values have already indicated 
that PMe3 is capable of forming a stronger o linkage than PEt3, 
thus the changes in both 31p and 
195 
 Ptshifts relative to the PEt3  
analogues are quite consistent. 
* It should be noted that a different convention regarding signs 
of chemical shifts is used in this reference. 
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The decrease in 
195
Pt chemical shift in the order 
Cl > Br> I is common to both sets of hydrides and has been 
interpreted for the PEt3 complexes in terms of the nephelauxetic 
20 
series 
The larger 1J(tH) values obtained for the trimethyl-
phosphine compounds can again be explained in terms of 
21 
increased a-  donor power of the phosphinc.Mssbauer studies 
have shown that for the 57 Fenucleus ligands with more powerful 
a- donor abilities have the effect of increasing the fs electron 
22 
density at the iron nucleus. Church and Mays considered it 
likely that the platinum nucleus would be similarly affected and 
the larger values of 1J(?tH), which has been shown to depend on 
the s electron density at platinum, when PMe3 is the donor ligand, 
support this. 
In contrast, 1J(PtP) values decrease somewhat on 
replacing the ethyl groups by methyls in the phosphine ligands. 
It may be that the trans influence of PMe3 is slightly greater than 
that of PEt3 with the effect that the Pt- P bonds in 
trans- {PtHX(PMe3)2J are mutually weakened. An alternative 
explanation can be found by considering the electronegativities of 
the substituents on phosphorus. It has been discovered that 
increasing 5(PtP) values result when the electronegativities of 
the substituents on phosphorus increase. Although, individually, 
ethyl groups are more electron releasing than methyl groups, 
the combined inductive effect of three ethyl groups on phosphorus 
58 
is outweighed by the steric requirements of the larger alkyl 
23 
chains . The ethyl groups thus appear slightly more electro- 
negative than the methyl substituents and consequently the 1J(PtP) 
values are slightly larger for the bulkier phosphine. 
The trim ethylpho sphine protons, as can be seen from 
Fig. 3.4 exhibit a triplet structure with 
195 
 Ptsatellites in the 
n. m. r. spectrum. It thus appears that the phosphorus atoms 
are magnetically equivalent to cause the triplet pattern. In fact 
they are not, and this is an example of 11 virtual coupling". This 
term is used to describe a situation in which there is such strong 
spin- spin interaction between a set of magnetically non-equivalent 
nuclei that they act with respect to other nuclei as if they were 
24 
magnetically equivalent 
The trimethylphosphine complex is an example of an 
X9AA1X (X = H, A = ?) spin system and calculations by Harris 25 
have shown that for such systems an apparent triplet resonance 
is observed for the X nuclei if the ratio of J(AA1) to iJAX)-J(AX 
is large, both types of nuclei having I = 1/2. It is not possible to 
evaluate 2 J(PH) and 'J(P 	
1
H) separately from the H n.m.r. 
spectrum directly but the values of 12J(PH)+4J(PH)t , as given 
in Table 3. 3, are obtained from the separation of the outer lines 
of the triplet. 
Mass spectra 
In each case the parent ion was observed in the mass 
spectra of the hydrides. Spectra were also run at low ionising 
59 
voltages i.e. 10-15 eV for photoelectron purposes (see Chapter 2). 
3.3 	Some oxidative addition reactions of trans-[PtHI(PMe3)2J 
and trans-[Pt12(PMe3)2]. 
The syntheses, chemical and spectroscopic properties 
of hydride complexes of Pt(IV), using triethyiphosphine as donor 
16 
ligand, have recently been extensively investigated . The 
following reactions were carried out to show that six coordinate 
hydrides where trimethylphosphine is the donor ligand, could be 
prepared in a sirilar fashion and had stabilities comparable to 
their PEt3 analogues. Trans-[Pt14(PMe3)2] was investigated, 
partly to complete the set of lodo derivatives of the type 
cis- cis- trans {PtHI(PMe)} where n = 0,1,2 and partly 
because no n.m.r o parameters of the corresponding triethyl- 
phosphine compound existed. In fact, there is some uncertainty 
16 
as to whether this complex can be formed at all , despite a 
26 
literature reference to its preparation 
Reaction of HI and trans- LPtHI(PMe3)2J 
A chemical reaction was observed to take place when 
equimolar quantities of HI and trans-[FtHI(PMe3)2J were allowed 
to mix in methylene chloride in a sealed tube at 193K. The colour 
of the solution deepened , as usually happens on oxidation of 
platinum hydrides, and a new Pt-H resonance was observed in 
the high field region of the proton spectrum. Spin tickling 
experiments revealed that the 195 5 Pt resonance of the new hydride 
species consisted of a triplet of triplets and it was therefore 
60 
assigned as the dihydride cis- cis- trans- 1PtH2I2(FMe3)2J. When 
the contents of the n. m. r. tube were warmed to room temperature 
evolution of gas was observed. This was undoubtedly hydrogen 
resulting from the decomposition of the six coordinate complex 
to give the trans diioclide i.e. 
PMe3  
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Preparation of trans- trans- [PtHI3(PMe3)2J 
The synthesis of this six coordinated monohydride was 
achieved by two routes. Both oxidation of trans-[PtHI(PMe3)2J 
by 12  and addition of HI across trans.-[Pt12(PMe3)2J proved to be 
successful. 
The triethyiphosphine complex trans- trans- [?tHI3 (PEt3) 
21 
16 
was found to exist in equilibrium with HI and trans-[Pt12(PEt3)2}. 
This was concluded from the appearance of an observable 
quantity of cis- cis- trans- [PtH2I2(PEt3)2] in the reaction of 12 
and trans-[PtHI(PEt3)2J. No dihydride resonance, however, 
could be detected in the proton spectrum of the reaction between 




L_-PMe3 ___ 	 i 3 
H—Pt—I 	 HI + I—Pt—I 




lies much further to the left. Indeed, the six coordinate complex 
appeared to be stable at room temperature and orange crystals 
were isolated on evaporating the orange solution, but attempts 
to prove the identity of the solid were unsuccessful. 
Reaction of 12  and trans-{Pt12(PMe3)2] 
When equimolar amounts of iodine and trans-[Pt12(PMe3)2} 
were mixed in methylene chloride solution at 253K the proton 
spectrum revealed the presence of a new species, which gave 
the customary triplet of triplets pattern associated with two 
mutually trans trim ethyiphosphine ligands. The assignment of 
this resonance to trans-[Pt14(PMe3)2] was supported by the low T 
value and the very small 3J(Pt}1) value, both facts being 
consistent with a heavily iodinated Pt(IV) species. The values of 
195 Pt and 31 P chemical shifts obtained by double resonance 
further vindicated the assignment. Goggin, Goodfellow and 
10 
co-workers have since published n. rn r. data for 
trans-[Pt14(PMe3)2] (not including the 
195 
 Ptchemical shift) which 
agree very well with the values recorded in Table 3.4. 
N.m.r. parameters 
Table 3.4 presents all the n.m. r. parameters measured 
for the products of the preceding reactions. The data for 
trans-[PtHI(PMe3)2] are included for comparison. 
Decreases in the magnitudes of 1J(PtH), 13(PtP) and 
2J(PH) when the coordination number of platinum is increased 
16 
are in line with previous results , and are a consequence of 
Compound -C (H) 6(3I )a 8(195pt)b 1J(PtH) 1j(ptp) 
c,c,t—(PtH2I2(PNe3)2) +24.62 —39.7 +39 +1278 +1708 
t,t—(PtHI3(PMe3)2) +26.52 —52.1 —575 +745 +1658 
t—(Pt14(PMe3)2) - —66.1 -1562 - 
t.-(PtHI(PMe3)2) +22-51 —20.0 —190 +1446 +2550 














N.M.R. Parameters of cis—cis—trans—(PtH2I2(PNe3  
trans—trans—(PtHI3(PNe3)2) and trans—(Pt14(PNe3)2) 
Notes: n,o, = not observed 
a 	= p,p,m. to high frequency of e,ternal 85% H3PO4  
b = p.p.m. to high frequency of external 0.59 trans—(PtC1 H(PEt3)2) in CH2C12  
C 	= literature value given as 1585 Hz 
The spectra were recorded in CH2C12 solution. Recordir.g temperatures were 
(PtH2I2 (Me 3)2), 193K; (PtHI3 (Me 3)2), 233K; (Pt14(PMe3)2), 293K. 
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diminished .s orbital character in these bonds. The values of 
3J(PtH) are also appreciably smaller as would be expected. 
There is a marked reduction in 13(PtH) and a smaller 
one in 1J(PtP) from PtH2I2(PMe3)2 to PtHI3(PMe3)2. This has 
16 
been ascribed , in the triethyiphosphine case, to a decrease in 
covalency of the Pt-H bond in the same direction. 
The methyl groups resonate at lower field values in the 
six coordinated species as a result of the decreased shielding 
available. 
An increase in the number of iodine atoms bound to 
the platinum atom in the Pt(IV) species has a considerable effect 
on the 
195 
 Ptchemical shift. The value of -1562 p. p.m. for 
trans -[Pt14(PMe3)2] appears to be the lowest recorded for a 
tertiary phosphine complex of Pt(IV). The 195 5 Pt chemical shift 
of trans-[Pt14(PEt3)2], however, were it ever to be measured, 
would he expected to be lower still, as the triethylphosphine 
compounds have shown consistently more negative 
195 
 Ptshifts 
than the related trimethyiphosphine species. 
The apparent reluctance of trans-{PtI,(PEt3)2} to react 
with 
I2 
 to give trans-[Pt14(PEt3)2J could well have been ascribed 
to a steric effect, yet the preparation of the much bulkier 
27 
trans-[Pt14(AsEt3)2J has been reported 
3.4 	Discussion 
From the foregoing results it is quite obvious that 
many similarities exist between the trimethylphosphine compounds 
63 
and their triethylphosphine analogues and this is hardly surprising 
in view of the fact that the phosphines are the first two members 
of aIrnologous series. It is equally obvious, however, that 
there are also significant differences, which would require a 
very detailed comparison of the properties of both phosphines as 
donor ligands to fully explain them. That is beyond the scope of 
this rather limited study yet some tentative conclusions can be 
made on the basis of the data available. 
Several of the differences in n. m. r parameters have 
been ascribed to an increased ability of PMe3, compared to PEt3, 
to donate the lone pair of electrons on phosphorus to the acceptor 
atom. The larger phosphorus "coordination chemical shift" , the 
larger 1J(PtH) values and the more positive 195 5Pt chemical 
shifts for trans- {PtHX(PMe3)2 j as opposed to trans- [PtHX(PEt3)2} 
were explained on this basis. This argument is not without 
support from the field of organophosphorus chemistry. It has 
been shown that PMe3 exhibits greater basicity than triethyl- 
28 
phosphine in its reactivity towards alkyl halides . Similarly, 
PMe3 displays greater nucleophilicity with respect to PEt3 in the 
29 
reaction with trimethylborane 
The ethyl group is more electron releasing than the 
methyl group but unless hyperconjugation is involved this effect 
is often balanced by the larger steric requirements of the ethyl 
23 
chain . When three methyl groups round a phosphorus atom are 
replaced by three ethyl groups the steric effect does indeed 
outweigh the inductive effect. 
It might be imagined that the increased electron 
density on the platinum atom when trimethyiphosphine is the donor 
ligand might cause these compounds to undergo oxidative addition 
reactions more readily than when triethylphosphine is bound to 
platinum. From the sample of reactions reported here, however, 
it is impossible to draw any firm conclusions about the relative 
ease of oxidation of the corresponding four coordinate species. 
It is tempting to explain the seeming inability of trans-[Pt12(PEt3)2J 
to add a molecule of 12  in this manner but as already mentioned 
steric effects may play a part here. Goggin, Goodfellow and 
10 
co-workers observed that trans-[Pt14(PMe3)2} was in 
equilibrium with trans-[Pt12(PMe3)2] and 12  at room temperature 
and it may be that the equilibrium 
PEt3  
I 	 PEt 
Pt 	I 	 12 + I 	Pt - I 
I 	 PEt3  
PEt3  
lies too far to the right for the six coordinate species to be 
detected. 
Although trim ethylphosphine is a more hazardous 
chemical to handle than the triethyl derivative, because of its 
greater toxicity, and although it is more difficult to obtain 
commercially, there are advantages in studying the trimethyl-
phosphine complexes. PMe3 proton resonances, because of their 
65 
simplicity in trans complexes, offer more scope for following the 
course of reactions. It is often difficult to determine the number 
of phosphine complexes present in a reaction mixture from the 
broad, complex PEt3 resonances, whereas PMe3 complexes, 
because of the fewer resonance lines and the more clearly defined 
195 Pt satellites, are much more easily distinguishable. Another 
advantage is that heteronuclear double resonance experiments 
are much simpler with the PMe3 rather than the PEt3 resonances, 
in the cases where there are no hydride ligands attached to the 
central metal or when the concentration of the hydride species is 
too weak to permit "spin tickling" on the hydride resonances. 
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CHAPTER 4 
HYDRIDE SELENIDE (SeH) AND 
RELATED COMPLEXES OF PT (u 
AND PT (IV) 
CHAPTER 4 
Hydride selenide (SeH) and related complexes of Pt(II) and Pt(iv) 
4.1 	Introduction 
The chemistry of platinum compounds incorporating 
ligands of the type MH (M = S, Se, Te) has been a relatively recent 
area of research. Morelli and co-workers reported the synthesis 
1 
of the stable complexes trans -[PtH(MH)(FPh3).j(M = S,Sc) in 1967 
These two compounds were originally formulated as Pt(PPh3)2MH2 
as there existed some doubt as to the nature of the bonding between 
platinum and the Group VLB ligand. In fact the Pt(PPh3)ZMHZ 
species were shown to be mixtures of the adduct Pt(PPh3)2MH2 
and the hydride trans-IPtH(MH)(PPh3)2], the relative amounts of 
the two complexes depending on the solvent used and on the 
reaction time. Interest in compounds such as these was 
stimulated by the observation that hydrogen sulphide, hydrogen 
selenide, hydrogen telluride and elemental sulphur poison the 
surfaces of heterogeneous platinum catalysts. Since an under-
standing of the bonding between the chalcogen acids and the metal 
surface was desirable, Morelli and associates attempted to 
simulate conditions on the surface of a catalyst by using bistriphenyl-
phosphine platinum (0) as a model for an active centre. The 
treatment of this unsaturated zero oxidation state complex with 
HM (M = S,Se) resulted in the formation of the mixture of 
products mentioned above and the process was thus considered 
to resemble chemisorption of these molecules on a catalytic 
69 
surface. As sulphur- and selenium-containing compounds form 
strong covalent linkages with transition metals, by donation of the 
sulphur or selenium lone pair electrons, it was thought likely that 
the catalyst poisoning could take place by such a mechanism. 
The compounds trans- {PtH(MH)(PPh3)23(M = S,Se) thus 
prepared were spectroscopically characterised by n. m. r. and 
infra red measurements. Attempts to obtain a similar complex 
containing telluriurn 	&uiisuc ces sful. Several interesting 
features emerged from the n. m. r. data. One of these was that no 
phosphorus-hydrogen coupling could be discovered at room 
temperature, an observation which was ascribed to rapid 
2 
dissociation of the coordinated phosphine . The anomalously 
large chemical shift of the proton bound to the Group VIB atom and 
the low value of its coupling constant with platinum were other 
points of interest. 
The chemical shift value was finally thought to be due 
to interaction of this proton with the diamagnetic ring currents in 
the aryl groups on phosphorus. A theory involving interaction of 
the proton with the dZ platinum orbital was abandoned after 
molecular models had shown that this would require large distortions 
of the Pt-M-H angle. This interaction would also decrease on 
increasing the covalent radius of M which was contrary to the 
experimental results. 
The reactivity of these new hydride species towards 
'hard' and 'soft' reagents was examined • It was found that no 
70 
reaction occurred with 'soft' bases such as GO, C 
2 H 4 
 , C 
2 H 2 
 , an 
observation very relevant to the poisoning of platinum surfaces 
towards substrates resembling these tso ftt bases. The 'hard' 	-- 
nucleophiles hydrogen chloride and alkyl halides, however, reacted 
readily, in each case the Group VIB ligand being exchanged for a 
halide ion. 
As an extension to the study of six coordinate 
3 
rnonohydride and dihydride platinum complexes formed by 
reaction of HX with trans- LPtX2(PEt3)2] and with trans-.[PtHY(PEt3)2} 
respectively (X = Cl,Br,I; Y = Cl,Br,I), preliminary studies were 
carried out involving oxidative addition of FI2M (M = S, Se) to 
trans-[PtIiX(PEt3)23 (X = Cl, Br, I). 
The results obtained were intriguing. Six coordinate 
dihydride species were detected in all cases for M = Se, but not 
only the anticipated product viz. cis, cis, trans- jPtH2(SeH)X(PEt3)2J 
was observed, but also the products of a ' scrambling' process, 
cis, cis, trans- {PtH2(SeW)2(PEt3)J and cis, cis, trans_LPtIJ2I(PEt3)2]. 
The reactions with H25 yielded no Pt(IV) species but there was 
evidence of chemical change having occurred. 
This chapter deals with the preparatin and 
properties of some four and six coordinated platinum compounds 
incorporating the ligand HSe. One of the new compounds reported 
is trans- {PtH(SeH)(PEt3)2}, which has proved to be very similar, 
spectroscopically, to the triphenyiphosphine analogue of Morelli 
71 
and associates. However, the methods of preparation used to 
obtain these two compounds were very different. 
The reaction of H2Se and trans- {PtHI(FEt)] which 
had already been studied, in a preliminary fashion, as mentioned 
previously, has been examined in greater detail and use of 31 P 
n.m.r. spectra has been made in following the course of the 
reaction and the decomposition of the Pt(IV) intermediates. 
Attempts have also been made to prepare SH and TeN 
derivatives analogous to the selenium containing complexes. 
Although not very successful, these attempts have nevertheless 
yielded some useful information. Pt(II) and Pt(IV) compounds with 
Group VIB ligands, utilising trim ethylphosphine as the stabilising 
ligand, have also been investigated. 
It was hoped that information concerning the nature of 
the Pt-Se bond might be derived from the coupling constant of the 
195 Pt  nuclei with the most abundant magnetic isotope of selenium 
(77Se has I = 1/2, abundance = 7. 60/0). These expectations were 
unfortunately not realised as it was not possible to detect the 77 7Se 
satellites of the 
195
Pt satellites in the proton spectrum with an 
intensity sufficient to allow heteronuclear decoupling measurements 
to be carried out. Undoubtedly in the near future, when the 
increasingly sophisticated range of facilities available for n. m. r. 
purposes becomearnore widely accessible, the measurement of 
1J(195Pt77Se) will be a routine procedure in systems such as these. 
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4.2 	The preparation and properties of trans-L1-'tH(SeH)(PEt3)2 
Trans -LPtH(SeH)(PEt3)2]  was synthesised by a widely 
utilised preparative method viz, the metathetical replacement of 
a labile halide ion by the anion required. In this case, treatment 
of trans-[PtC1H(PEt3)2] with an excess of sodium hydrogen-
selenide in alcohol yielded a pale yellow solid, whose infra red, 
n. m. r. and mass spectra demonstrated conclusively that it was 
trans -[PtH(SeH)(PEt3)2J. The product was indefinitely stable in 
vacuo at 300K but decomposed quite rapidly on exposure to air, to 
give an orange brown oily residue and noxious fumes of H2Se. In 
1,2 
contrast, the compound obtained by Morelli, Ugo and co-workers 
trans- jPtH(SeH)(PPh3)2J,was fairly stable in air and only in 
boiling solvents was the smell of H2Se detectable. 
Infra red spectrum 
The features of interest in the infra red spectrum 
(4000-250 cm- ) of trans- IPtH(SeH)(PEt3)2],  recorded as a Nujol 
mull, were the platinum hydrogen and selenium hydrogen stretching 
frequencies, which occurred at 2096 cm and 2295 cm '  
1 
respectively. Morelli and his associates obtained a value of 
2140 cm '  for the PtH stretching frequency in the analogous 
triphenylphosphine compound. They did not detect a selenium 
hydrogen bond stretching frequency and thought this was possibly 
due to broadening of the absorption band as a result of the proton 
interacting with the phenyl rings, 
73 
Nom. re spectrum 
The nom* re parameters for trans- [PtH(SeH)(PEt3)2 j 
are set out in Table 4. 2 and the proton spectrum is reproduced 
in Fig. 4. 2. 1. The high field portion of the spectrum is 
comprised of two triplets of doublets each with platinum satellites. 
The triplet patterns arise from the trans phosphorus atoms and the 
small doublet splitting is due to weak coupling between the 
non-equivalent protons. The chemical shift of the proton directly 
bound to platinum is characteristic of a normal ,- bonded hydrogen. 
The large 1J(PtH) value is also characteristic. 
The selenium proton resonates to high field of the 
proton chemical shift of free hydrogen selenide (+11. 9T), as a 
result of increased shielding by the platinum atom. The 2J(PtH) 
value for this proton is negative and quite small, due to 
transmission of the electronic effects through the selenium atom. 
The selenium chemical shift was determined by "spin tickling" 
on the 
77
Se satellites of the platinum hydride resonance. Figure 
4. 2. 2. shows this rnultiplet before and after irradiation at the 77  Se
frequency. 
The chemical shift of 77 Sein H2Se is -226 p. p.m. 6 
It would be expected that substitution of a platinum atom for one 
of the protons in H2Se would cause an increase in the shielding 
experienced by the selenium atom, which, in turn, would cause the 
77 Sechemical shift to move to a lower frequency i.e. become more 
TABLE 4.2 
N. m • r. parameters of trans PtH(SeH) (PEt3)2J and transjPt(SeH)2(PEt3)2 
Compound T 'r(SeH) 5 
31 
 P a 
 
6 
 195 	b 
Pt 
77 
5 	Se  
t- jPtH(SeH)(FEt3)2 j +20.71 +14.45 +19.3 -205 -312 
t-Pt(SeH)2(PEt)2j - +14.05 +5.9 -75 n. o. 
Estimated error: 
+ - 0 . 03 + - 0. U3 + - 0 5 + - 1 +. - 1 
1J(PtH) 13(PtP) 21(PtH) 	2J(PH) 	31(PH)d 	3J (HH)d 1J(SeH) ZJ(SeH)d 
t4PtH(SeH)(PEt3)j +1108 +2654 n, o. 50 -44 	-14 	13 	3.0 
t-1Pt(SeH)2(Pt3)2J - +2460 +116 - -56 	- 	11 	 - 
Estimated error: 2 iC 1 1 1 	C. 5 	0.5 	0. 2 
Notes: 	n. o. =not observed 
a = p.. m. to high frequency of external C5°/c' H3PO4. 
o = p.p. m. to high frequency of external 0, 5M trans- [PtC1H(PEt3)2J in CH2C12. 
c = p.p.m. to high frequency of 100/0 Me2Se in CH2C12. 
d 	suns of coupling constants not determined. 
The spectra were recorded at 293K in CH2C12 solution. 
ZJ(PSe) is small or zero. This coupling could not be detected in an expansion of the 
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negative, as indeed it does. 
Mass spectrum 
Both platinum and selenium have six isotopes and it 
is, therefore, not easy to predict which rn/e value will have the 
largest intensity in a mass spectrum of a compound containing 
both a platinum and a selenium atom. A computer program was 
used to calculate the isotopic distribution pattern and this gave 
the most intense rn/c value as 512 for trans- [PtH(Selj)(PEt3)2 J. 
The highest peak in the mass spectrum did indeed occur at 512 
but the pattern of peaks differed significantly from the computer 
prediction. It was found that an approximate fit to the 
experimental pattern could be achieved by adding contributions 
from the species trans _{Pt(SeH)(PEt3)2j+ (or trans.PtH(Se)(PEt3)2J+) 
and trans jPt(Se)(PEt3)2j+. 
4.3 	Preparation of trans- [Pt(SeH)2(PEt3) 2J 
This compound was prepared by a method analogous 
to that used to prepare trans-[PtH(SeH)(PEt3)23 and it was 
characterised by proton n. m. r. spectroscopy. 
When a solution of trans-LPtC12(PEt3)2} in alcohol was 
treated with an excess of sodium hydrogen selenide in alcohol there 
was little indication that any reaction had taken place. However, 
after the work upcireaction mixture a yellow crystalline solid 
was isolated. The product was stable at room temperature in 
vacuo but was readily oxidised on exposure to air, with the 
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concomitant evolution of H2Se. 
The proton n n-i. r. spectrum of the yellow product 
indicated immediately that a new compound had been formed. A 
strong resonance at 14T consisting of a triplet with platinum 
satellites was detected and assigned to the two equivalent 
protons in the compound trans-1Pt(SeH)2(PEt3)2]. The n.m.r. 
parameters are detailed in Table 4. 2 and the multiplet structure 
of the resonance due to the seleriide protons is reproduced in 
Figure 4.3. 
It can be seen that it is extremely similar to the 
resonance of the selenide proton in trans- PtH(SeH)(PEt3)2 j 
(Fig. 4. 2. 1) as would be expected. The coupling to platinum is 
larger for the symmetrical 'bis' species, causing the satellites 
to be clearly defined and there is, of course, no doublet splitting, 
as the protons are completely equivalent. 
The value of the selenium hydrogen coupling constant 
5 
has been assigned a positive sign, in accordance with McFarlane 
The value of 116 Hz is large in comparison with other 
6 
measurements of 1J(77SeH) . McFarlane has suggested that the 
magnitude of the coupling constant should increase with increasing 
7 
removal of charge from the selenium atom • It seems very 
reasonable to suppose that a positively charged platinum atom is 
capable of reducing the electron density on selenium to a gater 
extent than alkyl substituents on selenium, with which McFarlane 
6 
was dealing 
Figure 4.3 SeH resonance in trans—(Ft(SeH)2(PEt3)2 ) 
	
1 	 H 	 I 
15 16 13 
76 
4.4 	Reactions of trans -PtH(SeH)(PEt3)2 j and 
trans-LPt(SeH)2(PEt3)2 j with H2Se. 
The proton spectrum of an equimolar mixture of 
trans- jPtI-I(Se}i)(PEt3)2J and H2Se in CH2C12 solution at 213K 
indicated the formation of a Pt(IV) hydride species. A closely 
spaced triplet of doublets was observed in the high field region 
of the spectrum. Spin "tickling" on one of the platinum satellites 
of this resonance revealed that the product was a dihydride and it 
was thus assigned as cis, cis, trans- [PtH2(SeH)2(PEt3)2]. This 
was not a new compound. It had been previously detected and 
characterised as one of the intermediates in the reaction of 
I-I2Se with trans-PtHI(PEt3)J [See Section 4.5]. Its n.m.r. 
parameters are set out in Table 4. 5. 
Perhaps the most striking difference between the 
proton spectra of the four coordinate mnonohydride PtH(SeH)(PEt3)2  
and the six coordinate dihydride PtH2(SeH)2(PEt3)2 lies in the 
appearance of the selenide proton resonances. Whereas in the 
Pt(U) compound this is a well resolved triplet of doublets with 
clearly defined platinum satellites, in the Pt(IV) species the two 
selenium protons give rise to a broad peak with no resolvable fine 
structure apart from platinum satellite " shoulders" . This marked 
contrast is due to the reduction in magnitude of the platinum-
hydrogen and the phosphorus hydrogen coupling constants, a 
general result when the oxidation state of the platinum is increased. 
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The thermal stability of the dihydride was investigated 
by allowing the solution to reach room temperature. Almost 
immediately vigorous bubbling was observed and the solution 
darkened to a deep shade of yellow. The expected decomposition 
product, formed by cis elimination of hydrogen, was 
trans- {Pt(SeH)2(pEt3)J which had been previously characterised 
LSection 4. 3]. The proton spectrum, recorded after evolution of 
gas had ceased, was indeed identical to that obtained from the 
synthesised sample of the bis hydride selenide compound and 
heteronuclear decoupling experiments confirmed the assignment. 
An attempt to obtain the tris hydride selenide Pt(Iv) 
species, trans, trans- {PtH(SeH) (PEt)] by reacting equimolar 
amounts of H2Se and trans- [Pt(SeH) (PEt)] was unsuccessful 
The proton n. m. r. spectrum of the mixture in CH2C12 at 213K 
showed that the starting materials were unchanged and that no new 
PtH resonance was present. 
It is likely that the addition of H2Se to trans-{Pt(Se}J)2-
(PEt3)2] is an equilibrium, as has been observed for other 
reactions of the type 
trans-{PtX2(PEt)J + HX 	trans, trans- {PtHX3 (PEt3)2] 
8 
(X = C1,Br,I). 
The compound t,t-[PtFJBr3(PEt3)2] could only be found 
at temperatures below 200K and in the case of X = Cl the 
trichloro species could not be detected even at 173K. 
M. 
4.5 	Reaction of trans-[PtHI(PEt) ] and H2Se 
It was mentioned in the introduction that the addition 
of H2Seto the series of hydrides trans-[PtHX(PEt)j (X = Cl, Br, I) 
4 
had been investigated previously and that six coordinate 
dihydride species were identified in each reaction mixture. Not 
only was the anticipated mixed dihydride present i.e. cis, cis, 
trans- {PtH2(SeH)x(PEt3)2J but also both symmetrical dihydrides 
viz. cis, cis, trans- [PtH2(SeH) (pEt)] and cis, cis, trans-
[PtH2x2(PEt3)2], formed bya ligand "scrambling" process. 
The stability of the mixed dihydride relative to the two 
symmetrical dihydrides increased down the series Cl<Brczl. 
This order of increasing stability was rather unexpected as it is 
the order of increasing 'trans' influence of the halides. It must 
therefore be the stability of the products which governs the order, 
and as PtH 
2 	2 	3 
(SeH) (PEt )
z 
 is a product common to each reaction 
mixture, the relative stabilities of the dihalides must be the 
deciding factor. Thus it appears that the stability of the dihalides 
decreases in the order Cl Br >1, the order of increasing 'trans' 
influence. These results are entirely consistent with those 
8 
obtained for the reactions of HX and trans- tPtHX(PEt)] , where 
the order of stability of the dihydride products was found to be 
Cl) Br) I. In fact the six coordinate dichioro and dibromo 
species could be isolated and were stable enough to be characterised 
by infra red and Raman techniques. 
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The results for the addition of H2Se to PtHX(PEt3)2 
paralleled those found for the reaction of HX with 
8 
trans-[PtHY(PEt3)2] (X, YC1, Br, I; XY) . Here, even at 183K, 
the proton spectra of the reaction mixtures revealed the formation 
of all three possible dihydrides, the intensities of the two 
symmetrical species increasing as the temperature was raised. 
It was postulated that the initial formation of c,c,t.-fPtH2XY(PEt3)2J 
had been followed by a roughly statistical 'scrambling' of halogens. 
The reaction involving addition of H2Se to 
trans_l.PtHI(PEt3)2] was repeated in order to investigate the 
decomposition products,which had not previously been examined, 
and also to take advantage of the available 31 P facilities by 
following the course of the reaction by 31 IP n. m. r. spectroscopy 
over a range of temperatures. The n. m. r. parameters of the 
three dihydride products are presented in Table 4. 5. The 
resonances were not strong enough to allow detection of the 77Se 
satellites. 
After characterisation of the dihydrides was complete 
the reaction mixture was allowed to reach room temperature. 
Decomposition, as evidenced by the vigorous evolution of gas, 
occurred readily. This was expected as it was already known 
that the symmetrical dihydrides were not stable at ambient 
temperatures. 
TABLE 4.5 
N. m. r. parameters of the products of the reaction of HSe and trans-[PtHI(PEt3) 2] 
Compound 	 7 	T(SeH) 
531a 	5195pb 	'J(PtH) 	1J(PtP) 	2J(PH) 2J(PtH) 
c, c, t-[PtH2I(SeH)(PEt3)2] 	+25. 59C 
+1212c 	 6 
d 	





c,c,t-[PtH2(SeH)2(PEt3)2] 	+23.1 	+14.97 -1.8 	-342 	+1004 	+1780 	-8.0 -22 
c, C, t-[PtH2I2(PEt3) 2] 	+25.00 	- -1.2 	-146 	+1194 	+1733 	-5.8 - 
trans-{Pt(SeH)2(PEt3)2] 	- 	+14.05 +5.9 	-75 	- 	+2460 	- -56 
trans- {PtI(SeH)(PEt3)2} 	- 	+13.45 +3.8 	-286 	- 	+2385 	- -71 
Estimated errors: 	tO.03 	t0Q3 t0 5 	 t t 5  
Notes: 	a = p.p.m. to high frequency of external 85°/o H3PO4. 	b = p. p.m. to high frequency of external 
0. 5M trans-[PtC1H(PEt3)2] in CH2C12. 	c = H trans to I. 	d = H trans to SeH. 
133(HH) I in PtH2(SeH)2(PEt3)2 = 3. 5 Hz. 	This coupling was not resolved in PtH2I(SeH)(PEt3)2. 
3J(PH) in PtH2 (SeH)2 (PEt3)2 and PtH2I(SeH)(PEt3)2 was not resolved. 
3J(PH)l 	in Pt(SeH)2 (PEt3)2 = 11 Hz; in PtI(SeH)(PEt3)2 = 12 Hz. 
The parameters of the dihydrides were recorded in CH2C12 solution at 223K; of the Pt(II) species 
in CH2C12 at 300K. 
The proton spectrum at 223K before gas evolution had 
ceased indicated the presence of two compounds, each containing 
SeS ligands bonded to four coordinate platinum. Heteronuclear 
double resonance measurements identified the stronger of the two 
multiplets as arising from the bis species, trans-[Pt(SeH)2(PEt3)2}. 
The weaker resonance was therefore assigned to the new 
compound trans- []Ptl(SeH)(PEt3)2J, whose n. m. r. parameters 
can be found in Table 4.5. It was assumed that trans- [Pt12(PEt3)2] 
had also been formed during the decomposition by elimination of 
hydrogen from the dihydride diiodide Pt(IV) species. As it 
lacks any convenient protons for detection by n. m. r. methods 
it was not possible to prove the presence of the diiodide. 
The reaction mixture was again allowed to warm to 
room temperature and after all hydrogen evolution had ceased, 
by which time the colour of the solution had deepened from yellow 
to orange, the proton spectrum was recorded. Only one 
decomposition product could now be observed. This was the 
mixed species PtI(Se}i)(PEt3)2 , the intensity of the resonance 
having considerably increased. The fact that PtI(SeH) (PEt3)2 
now appeared to be the only species present must have been due 
to an equilibrium involving all three decomposition products, 
with the position of equilibrium favouring formation of the mixed 
species i.e. 
Pt12(PEt3)2 + Pt(SeH)2(PEt3)2 ? PtI(SeH) (PEt3)2. 
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31 P n.m.r. spectroscopy proved an ideal technique for 
following the course of the reaction of H2Se with PtHI(PEt3)2 
through its various stages. Proton decoupling was utilised to 
simplify the spectra which then consisted of singlets with 195 Pt 
satellites. As the 
31
P parameters had already been measured 
by heteronuclear double resonance techniques no difficulty arose 
in assigning the directly observed 31P resonances. 
A series of the 31P spectra obtained, in order of 
increasing temperature, are reproduced in Fig. 4. 5. Four and 
six coordinate platinum species are easily distinguished by their 
PtP coupling constants, the Pt(II) species having typically 
much larger values of 1J(PtP). 
The largest resonance in spectrum (1) is due to 
unreacted starting material but also present are the three 
dihydrides, the mixed one predominating. The 11 scrambling" 
process must occur very rapidly after initial formation of the 
mixed dihydride as it was not possible to obtain a spectrum with 
only the mixed species present. The dihydrides are clearly 
defined in spectrum (2) and no unreacted PtHI(PEt3)2 is left at 
this stage. Also visible is a weak resonance due to the first of 
the decomposition products - trans- [Pt(SeH)2(PEt3)2]. This 
resonance has increased considerably in intensity in spectrum (3) 
and none of the parent dihydride remains. The next 
decomposition product, trans- PtI(SeH)(PEt3)2, is also present 
3 
2 
Fig. 4.5 31P spectra of the reaction between H2  Seand. PtHI(PEt3)2  
I?, 	 I 
50 	 30 	 10 	 -10 	 -30 	 50 p.p.m. 
I 	 I 	 I 	 I 
50 	 30 10 -10 	 -30 50 p.p.m. 
Fig. 4.5(oont.) 
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in the spectrum as a small peak with, as yet, no observable 
195 Pt satellites. In the fourth spectrum the resonances of the 
four coordinate products are equal in intensity but PtH2I(SeH)(PEt3)2 
still remains the most abundant species in the mixture. There 
is no evidence of the dihydride diiodide having begun to decompose. 
This compound is still present in spectrum (5) but there is also 
a small peak assigned to the four coordinate trans diiodide. The 
resonance attributed to PtI(SeH)(PEt3)2 has become the largest 
in the spectrum and this peak has become even more predominant 
in the final spectrum which records the ambient temperature 
situation. The predominance of the mixed four coordinate species 
is a result of an equilibration among all three decomposition 
products, small amounts of the two symmetrical species still 
being observed in spectrum (6). There is also a small residual 
resonance due to PtI-1212(PEt3)2. 
There are several noteworthy features of this reaction, 
which are well illustrated by the 31 P spectra. There appear to 
be two equilibria operating, one, in the earlier stages, 
involving the six coordinate species and the other, in the final 
stages of the reaction, causing equilibration of the decomposition 
products. Whereas the position of the first equilibrium produces 
an approximately random mixture of dihydrides, the mixed Pt(ii) 
species is strongly favoured in the second equilibrium mixture. 
Another interesting point is the differing stabilities of 
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the dihydrides. The rapid elimination of hydrogen on warming a 
solution of PtH2(SeH)2(PEt3)2 was noted previously (section 4.4). 
It seems likely the relative instability of this Pt(IV) species is 
due to a large trans influence of the SeH ligands, causing the 
trans protons to be weakly bound to platinum. It follows logically 
that the mixed dihydride, containing one SeH ligand, would be 
less thermally stable than the dihydride diiodide. 
4.6 	The addition of H2Se to trans-[Pt(CH3)I(PEt3)2J 
This reaction was investigated for purposes of 
comparison with the platinum hydride system. 
When equimolar quantities of hydrogen selenide and 
the platinum methyl compound were mixed in CH2 Cl. 2 solution 
at 213K the proton spectrum showed a weak high field triplet 
resonance with a phosphorus hydrogen coupling characteristic 
of a Pt(IV) compound. The resonance was tentatively assigned to 
the proton in the complex cis, cis, trans- {Pt(CH3 )HI 2(PEt3)2J. 
The proton spectrum at this temperature also showed the 
presence of both trans- [FtI(SeH)(PEt3)2] and trans- t.Pt(SeH)2(PEt3)2]. 
To confirm the tentative assignment of the high field triplet to 
the cliiodo species, equimo].ar amounts of HI and trans-[Pt(CH3)I- 
(PEt3)2] were reacted together in CH2 Cl. 2 at 213K. The spectrum 
indicated the presence of a Pt(IV) hydride species and this was 
assigned as cis,cis, trans- LPt(CH3)H12(PEt3)21. The chendcal 
shift and phosphorus hydrogen coupling were identical to those 
found for the postulated cliiodo species. Very weak platinum 
satellites were also found in the same positions for both 
resonances and thus the assignment was verified. The proton 
n.m.r. parameters for Pt(CH3  )HI 2(PEt3)2 are given in 
Chapter 6 (Experimental). 
It would seem that the addition of H2Se to the platinum 
methyl complex is very rapid and also involves a ligand 
scrambling" process among the six coordinate intermediates, 
of which only the diiodide is sufficiently stable to be detected at 
213K. This is reasonable as the dihydricle diioclide complex was 
found to be the longest lived of the Pt(IV) intermediates in the 
analogous hydride system (see Section 4. 5). 
The instability of the six coordinate complexes 
containing a methyl group cis to a hydride points to the 
availability of a low energy pathway for the elimination of methane 
from these intermediates. A gas was evolved very vigorously 
when the reaction mixture was allowed to warm to room temp-
erature. The colour of the solution darkened, as in the hydride 
system, to deep orange, and the proton spectrum at this stage 
showed that, as before in the hydride case, the four coordinate 
decomposition products had equilibrated to give predominantly 
the mixed complex trans- LPtI(SeH)(PEt3)2]. That methane had 
been almost quantitatively evolved during the course of the 
reaction was proved by measuring the amount of noncondensible 
DR 
gas produced and by recording its infra red spectrum. The 
course of the reaction between H2Se and the platinum methyl 
compound was also followed by 31 P n. m* r. spectroscopy. The 
31 P spectra recorded over a range of temperatures revealed an 
interesting feature of the reaction which had not been obvious 
from observation of the proton spectra. Although the reactants 
had been mixed in equimolar proportions unreacted 
trans-jiPt(CH3)I(PEt3)2J was present at the end of the reaction, 
as were trans- {Pt(SeH)2(PEt3)J  and trans- LPtI(SeH)(PEt3)2}, 
with the latter predominating as expected. No four coordinate 
diiodide was detected at any stage of the reaction. It had also 
not been possible to detect any of the six coordinate intermediates. 
The essential difference between the methyl system 
and the hydride system discussed in Section 4. 5 is the considerable 
difference in stabilities of the six coordinate intermediates. 
This leads, in the methyl case, to the formation of the four 
coordinate products trans- [Ptl(SeH)(PEt3)21, [Pt(SeH)2(PEt3)21 
and [PtI(PEt3)2]  from the fast decomposition of the Pt(IV) 
species, before all the Pt(CH3)I(PEt3)2 has had time to react. 
The four coordinate products are thus able to exchange with 
free H2Se still present in the system, thereby producing an 
equilibrium mixture containing very little diiodide and thereby 
also preventing reaction of the unreacted methyl compound. 
It is necessary to postulate the formation of free HI 
as a result of the exchange with H2Se, and this HI, or a mixture 
of HI and H2Se. must be present at the end of the reaction. An 
explanation is therefore required for the presence, at the end of 
the reaction, of both HI (or a mixture of HI and H2Se) and 
Pt(CH3)I(PEt3)2 species,which are known to react rapidly at 
213K. A plausible explanation is that the position of the 
equilibrium involved in the addition of HX (X = I, SeH) to the 
methyl compound shifts with increasing temperature to favour 
the Pt(II) complex and free HX. This would then be analogous to 
8 
the reaction of HX and trans-PtX2(PEt3) (X= Cl,Br,I) . The 
six coordinate product is only detected at low temperatures or, in 
the case of X = Cl, not at all. 
4.7 	The reaction of H2Se with trans- {Ft(CN)H(PEt3)2] 
3 
It was suggested that the '' scrambling" process which 
occurs after the addition of HX to trans-[PtHY(PEt3)2] where 
X = Cl, Br, I,SeH; Y = Cl, Br, I is facilitated by the strong trans 
labilising effect of the hydride ligands in the six coordinate 
species. Therefore, the use of ligarids which form stronger 
bonds with platinum than do halides or selenides, might prevent 
the "  scrambling" occurring. 
In order to confirm this suggestion H2Se was reacted 
with an equimolar quantity of trans- [Pt(CN)H(PEt3)2J. The 
cyanide ion is known to form very strong complexes with 
9 
platinum . The proton n. m. r. spectrum of the reaction mixture 
in CH2C12 solution at 2331". comprised three high field 
resonances. Two had a triplet structure, one with a small 
superimposed doublet splitting,and the third, which appeared to 
low field of the others, had the chemical sbift and pattern typical 
of a selenium hydride bound to a Pt(IV) species. 31 spin 
"tickling" revealed that all three resonances arose fr. die same 
species; the two higher field multiplets collapsed to a singlet 
and a doublet. These latter multiplets are reproduced in Fig. 4.7. 
The product was obviously cis, cis, trans- {PtH2(CN)-. 
(SeH)(PEt3)2]. There was no evidence of any " scrambling" 
process having taken place and even when the temperature was 
raised to 253K the mixed dihydride remained the unique product. 
At room temperature, however, the expected evolution of hydrogen 
occurred and a new resonance was observed in the proton spectrum. 
This was due to the four coordinate decomposition product 
trans- [Pt(CN)(SeH)(PEt3)2]. The n. rn. r. parameters of this 
compound ad of its parent dihydride are presented in Table 4.7. 
It can be seen from Table 4. 7 that the cyanide ligand has a 
considerable effect in decreasing the 
1
J(tH) value of the hydride 
trans to it. This effect is also seen in the four coordinate 
9 
starting material 
The introduction of the cyanide ligand has obviously 
prevented the rapid exchange of ligands that was the notable 
feature of the halide- selenide systems. It is, however, unlikely 
Fig-4-7 High field resonances in PtH2(CN)(SeH)(PEt3)2 
TABLE 4.7 
N.m. r. parameters of cis, cis, trans- {PtH2(CN)(SeH)(PEt3)2] and trans- {Pt(CN)(SeH)(PEt3)2 
Compound 	 T 	T(SeH) 	
631a 	6195pb 	1J(ptH) 	1J(PtP) 	2J(PH) 	2J(PtH) 13J(PH)I 13J(HH)I 
c,c,t-[PtH2(CN)(SeH)(PEt3)2] 	+23. 58' 	+15.05 	+1.8 	-405 	+696 	+1720 	 22 n. r. 4.5 
+23. 26d 	 +lOZOd 	
80d 
t-{Pt(CN)(SeH)(PEt3)2] 	 - 	+14.04 	+9.8 	+47 	- 	+2350 	- 	-53 15 - 
Estimated errors: 	 t0.03 	0.03 	0.5 	1 	2 	30 	0.5 	2 l 0.5 
Notes: 	n. r. = not resolved 
a = p. p. m. to high frequency of external 85°/o H3PO4  
b = p. p. m. to high frequency of external 0. 5M trans {PtC1H(PEt3 )2} in CH2C12 
c = H trans to CN 
d = H trans to SeH 
The parameters were measured in CH2C12 solution at 223K for the six coordinate 
species and 300K for the four coordinate species. 
that the ' scrambling" has been prevented by thermodynamic 
factors, as this would imply that both symmetrical dihydrides 
PtH2(SeH)2 (PEt3)and PtH2(CN)2(PEt3)2 
 were thermodynamically 
unstable with respect to the mixed dihydride, an improbable 
situation. The reason for the stability of PtH2(CN)(SeH)(PEt3)2 
is more likely to be a result of a kinetic barrier, sufficiently large 
to prevent formation of the transition state, whose breakdown 
would lead to the symmetrical dihydrides. 
4.8 	Attempts to prepare SH derivatives 
It was hoped that SH derivatives of Pt(II) and Pt(IV) 
compounds could be prepared by methods similar to those used 
in synthesising the SeN species. The only reference to a 
platinum compound containing an SH ligand which could be found 
1 
in the literature was that of Morelli and associates , mentioned 
previously in Section 4.1. 
Two preparative methods were employed. These were 
the m etathetical replacement of chloride ligands in Pt(II) complexes 
by the SH anion provided by sodium hydrogen sulphide, and 
addition of H 2 S to trans- [PtHI(PEt3)2]. 
The reaction of sodium hydrog1 silphide with 
trans- [PtC1N(PEt3)2] yielded no SH containing platinum product. 
The product was, in fact, a reddish oil whose proton spectrum 
showed no resonances except for poorly resolved triethyl phosphine 
rnultiplets. However, an SE platinum species was obtained, albeit 
in low yield, fro the reaction of sodium iydroen sulphide with 
transLPtCl2(.pEt3)2J. The product was tentatively assigned as 
trans-1Pt(SH) (PEtS,) j on the basis of comparison with the results 2 	2 	
1 
reported for trans- 	
2 
j by Morelli and co-woricers 
The resonance was too weah to enable complete heteronuclear 
decoupling measurements to be carried out. Such parameters as 
could be obtained are reported in Table 4.. 
When equal proportions of H 2 S and trans- L PtHI(PEt3)2J 
were riixed together in CH 
21 
 Cl2 at low temperatures the proton 
spectrum indicated that no reaction had taken place. No high 
field resonances could be detected and the signals of the starting 
reagents appeared unchanged. The reagents were allowed to react 
at room temperature for several hours, whereupon the colour of 
the solution deepened to yellow ana sporadic hubling was 
observed. The proton spectrum at this stage showed that a small 
amount of an SN containing platinum compound had been formed. 
After further reaction the intensity of this SN resonance increased 
sufficiently to allow spin"tickling" measurements to be made. 
The n. m. r. parameters for this product were quite different 
from those obtained for the SN species found in the reaction of 
sodium hydrogen sulphide and traris-1PtCl2 (PEt3)21. This second 
SN complex was assigned, also tentatively, as trans- PtI(SH)(PEt3 )2 j. 
The n.m.r. data are given in Table 4.8. 
There was no evidence for any other SN species having 
TABLE 4.0" 
N.m. r. parameters of trans- 1iPt(SH)2(FEt]  and trans- iPtI(H)(PEt3)2 j 
Compound 	 T(SH) 	6
31 pa 	195pb 1J (Pt ?) 	J(PtH) 
t_Pt(SH)(PEt3)2j 	+11.57 	+9.4 	n. o. 	n. C. 	-55 	9.5 
t_j)?tI(SH)(PEt3)z] 	+10.80 	+4.8 	-68 
	n. o. 	-68 	11.0 
Estimated errors 	0.03 	± 0. 5 ± 1 
	
±2 	±1 
Notes: 	a = p.p.m. to high frequency of external 85°/o H3PO4. 
b = p.p.m. to high frequency of external 0. 5M trans- L PtC1H(PEt3)21 in CH2C12. 
Parameters were measured in CH Cl- solution at 300K. 
2 
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been formed by the action of H 
2 
 S on trans -PtHI(PEt3)2 j. It is, 
therefore, unlikely that the six coordinate intermediate, if 
indeed one is formed, undergoes any U  scrambling" process. It 
is certain that if H 
z 
 3 does add across PtHI(PEt3)2 to give a 
Pt(IV) species, the addition is very slow and elimination of 
hydrogen from the adduct, once formed, is fast. 
A comparison of the n. m. r. parameters of the 
complexes assigned as trans- L±t(SH)Z(PEU)?J  and trans-PtI(SH)- 
with the parameters of 	 arid 
trans- PtI(SeH)(PEt) (Table 4.5) lends support to the assign-
ments for the sulphide species, as the same trends in parameters 
are apparent for both pairs of complexes. The platinum hydrogen 
coupling constants are larger for the mixed species than for 
the symmetrical species, but the proton chemical shifts are 
smaller, as are also the phosphorus chemical shifts. 
4.51 	Attempt to prepare TeH derivatives 
The reaction of HTe and trans-PtHI(PEt ),J was 
3'_ 
investigated with a view to discovering and characterising 
platinum hydrogen telluride species, and also in order to 
complete the sequence of reactions of Group VI B hydrides with 
trans.- LPtHI(PEt3)zJ.  Hydrogen telluride is a compound prone to 
decomposition and an excess was therefore added to the solution, 
in CH2C12 , of the platinur! hydride, in an effort to ensure that 
enough H2 Te remained to react with the platinum compound. 
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The proton spectrum recorded after mixing of the 
reactants at 213K showed several high field resonances. Resolution 
was unfortunately poor due to the presence of tellurium, from 
the partial decomposition of H,Te, in the n.n..r. tube. Cis, cis, 
e. 
trans- PtH2I2(PEt3) was, however, positively identified, by its 
proton and phosphorus chemical shifts, as contributing the 
largest resonance in the spectrum. The 1or:ation of the dihydride 
diiodide would see. to point tc initial fori:ation of the mixed 
dihydride, cis, cis, trans - L.tH2I(TeH)(Et3)J, followed by rapid 
H  scrar.bling" of ligands to ive the two sy:.etrical dihydrides, 
as observed for the selenium case. The other resonances were 
too weak to be assigned with any confidence, but it did appear 
that the chemical shifts of the protons hound to tellurium were 
large, ca. 20T, for protons not directly bound to a transition 
metal. When the temperature of the reaction was raised slightly, 
gas evolution occurred almost at once. The proton spectrum 
recorded at this sta3'e showed the peak due to the dihydride 
diiodide complex had increased in intensity relative to the 
other resonances present, undoubtedly due to decomposition of 
the probably rather unstable Tel-I containin Pt(IV) complexes 
viz. cis, cis , trans- PtH2I(TeH)(PEt3 )2 j and Z-'tH
Z
(TeH(PEt3 ) 
4. IC 	Attennpts 	SH and SeH derivatives of 
trirnethlpho sphine cia tinumncocn. 
It was of interest to prepare Group VIB hydride 
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derivatives of trirnethyiphosphine platinum complexes in order to 
compare their properties with those of the corresponding 
triethylphosphine complexes. No success was achieved by 
attempting to replace chloride ions with hydrogen selenide ions 
in trans-[PtGl2 PMe3 )2 j. The alternative route to four 
coordinate SeH containing species i.e. via addition of H2Se to 
trans- PtHX(PR3)2j  and decomposition of the unstable Pt(IV) 
intermediates, was tried instead and this proved more successful. 
When equimolar quantities of trans- Pt}JI(FMe3)2 j 
and H2Se were mixed in CH2C12 solution at 213K, the high field 
proton 8pectrunA consisted of several resonances, all of which 
were triplets with phosphorus hydrogen couplings characteristic 
Of Pt(IV) hydrides. Examination of the trimethyiphosphine region 
showed that three compounds were present in the system. One 
of the high field resonances was identified as that of cis, cis, 
trans-1PtH2I2(pMe3) j which had been characterised previously 
(Chapter 3). Heteronuclear decoupling measurements revealed 
that two of the remaining resonances belonged to the same compound. 
As one of these two triplets had a small additional doublet 
splitting this compound was assigned as the mixed dihydride 
cis, cis, trans-(PtH2I(SeH)PMe3)2J. The remaining triplet, 
which also showed a doublet splitting, was attributed to the 
dihydride diselenide cis, cis, trans- [PtH2(SeH)2(PMe3)2J. Broad 
peaks due to the selenide protons were observed to low field of 
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the nydride peaks. 
The intensities of the signals of the symmetrical 
dihydrides were not equal, as would have been expected. The 
resonance due to the dihydricle diselenide was somewhat weaker 
and this was thought to be a result of partial decomposition of this 
species, presumed the least stable of the dihyrides by analogy 
with the triethyiphosphine system. This presumption was 
supported by the presence of a weak triplet, with 1'Ft satellites 
and with PH and PtH couplings characteristic of a selenide 
hydride of a Pt(II) species. This was assumed to be due to 
trans - 1Pt(SeH)2 (Pkile3)J. Unfortunately this multiplet overlapped 
in the proton spectrum with the broad resonance of the SeH 
protons in the nxixed dihydride. 
The n. rn. r. parameters of the dihydrides and of 
trans- L Pt(SeH)(PMe3)2J are recorded in Table 4.10. When the 
temperature of the reaction mixture was increased to 300K 
rapid decomposition occurred, as evidenced by the vigorous 
evolution of gas and the darkening of the solution from clear 
yellow to brownish black. A proton spectrum at this stage 
yielded no high field resonances. The trimethyl pliosphine region 
was considerably altered, with no clearly defined triplets 
characteristic of trans trimethyiphosphines. 31 spectroscopy 
was also utilised to follow the course of this reaction, over a 
wide temperature range. The initial spectiurn recorded at 
TABLE 4. 10 
N. m. r. parameters of the products of the reaction H2Se and trans-[PtHI(PMe3)2] 
Compound 	 T 	T(SeH) 531a 6195pb 1J(ptH) 1J(PtP) 2J(PH) 2J(PtH) 
c, c, t-[PtH2I(SeH)(PMe3) 2] +25.38 	+14.01 -39.0 n. o. 	+1266 	+1732 	 n. r. 




n. o. -9 
c,c,t-{PtH(SeH)2(PMe3) 2] +22.81 	+14.70 -37.6 n. o. 	n. o. 	+1753 	-9 	n. r. 
c,c,t-{PtH2I2 (PMe3)J 	+24.68 	- 	-40.3 +41 	+1252 +1706 -7 	- 
t-{Pt(SeH)2 (PMe3)2] 	 - 	+13.90 -24.8 n. o. 	- 	+2364 	-14 	-60 
Estimated errors: 	0.03 	p0.03 p0.1 	T1 	 1 
Notes: 	n. o. = not observed 	n. r. = not resolved 
a = p. p.m. to high frequency of external 85°/o H3PO4. 	b = p.p.rn. to high frequency of 
external 0. SM trans- {PtC1H(PEt3)2] in CH2C12. c = H trans to I. d = H trans to SeH. 
8 31P and 1J(PtP) values were obtained from 31P spectra, recorded in CDC12 solution at 223K. 
All other parameters were recorded in CH2C12 solution at 253K. 
9'. 
ca. 200K, showed all three dihydrides present, with the mixed 
species predominating. No starting material remained, 
indicating that this addition of H2Se rLay be even faster than the 
addition of H2Se in the triethyiphosphine system. It was also 
apparent that, even at 200K, the dihydride diselenide 
intermediate had suffered partial decomposition. A small peak, 
which in subsequent spectra increased in intensity as the 
dihydride diselenide peak decreased, was visible in the initial 
spectrum and was consequently assigned to trans- L Pt(SeH)2(PMe3)23. 
The value of 1J(PtP) was consistent with this being a Pt(II) 
species. As the teriperature was gradually raised the further 
decomposition of cis, cis, trans- PtH2(SeH)2 (PMe3)2 j could be 
observed. The removal of this dihydride caused a shift in the 
equilibrium involving the three dihydrides and resulted in 
further " scrambling" of the mixed dihydride until the concen-
trations of PtH2I(SeH)iPMe3), and PtH2I2 (PIvie3)2 were 
approximately equal. There was no evidence of any decomposition 
of the mixed dihydride. The spectrum recorded at 300K was 
quite different, however. None of the dihydride resonances 
remained, nor did the resonance attributed to trans- LPt(SeH)2-
(PMe3)2 j. Instead, a rather broad peak was observed with broad 
satellites, and with a strong sharp singlet superimposed 
on the central resonance. The position of the central resonance 
was -30 p.p.m. and the value of 1J(PtP) was ca. 200 Hz. 
9; 
The identities of these ultimate decomposition products are 
unknown. The 5(?tP) value is large for a trans phosphine complex 
and may indicate that isornerisation to give a species with cis 
phosphines took place. The proton spectrurn of the final 
decomposition mixture showed that no SeH ligands remained. 
This fact, coupled with the brownish black colour of the solution, 
could possibly point to formation of selenium by oxidation of the 
hydrogen selenide ligands. 
It is clear that trimethylphosphine platinum compounds 
containing the SeR ligand are less stable than their triethyl-
phosphine counterparts. The reason for this may be that the 
trimethyiphosphine ligands, by virtue of their smaller steric 
requirements, facilitate decomposition pathways involving 
nucleophilic attack at platinum. 
The reaction of H,S and trans- 1PtHI(Pve3)2J was 
investigated briefly. The proton spectrum of the reaction 
mixture, containing equimolar quantities of the reactants, at 
23K in CH2C12 solution showed mostly unreacted platinum. 
hydride. Also present, however, was the six coordinate 
dihydride diiodide cis, cis, trans- 1PtH2I2(PMe3)J. The formation 
of this complex in the reaction implies that H 2 
 S had indeed added 
to PtHI(PMe3)2  to form a mixed dihydride which had then 
11 scrambled 	
19 
. A triplet resonance with 	t satellites was 
also observed in the spectrum at +11.37. The values of 2J(PH) 
and 2J(PtH) were -12Hz and -52Hz respectively and the 31 
chemical shift was found to be -19 p.p.m. These parameters 
are consistent with an SI-i ligand bound to a divalent platinum atom, 
but positive identification of this SH containing species was not 
possible. It seems probable that it is trans-Pt(SH)2 (PMe3)2J, 
however, as formation of the dihydride disulphide cis, cis, trans-
jPtH2(SH)2 (PMe3)2J must have accon:.panied formation of the 
dihydride diiodide. By analogy with the dihydride diselenide 
species already studied i. e. L PtH2(SeH)2(PEt3)2J and 
1?tH2(SeH)2(PMe3)2J it is likely that the dihydride disulphide 
molecule would readily lose hydrogen to yield trans-jPt(SH)2-
(PMe3)2}. 
The addition of H25 to the platinum hydride is 
certainly more favoured in the PMe3 case than in the PEt3 case. 
In the latter system an SH resonance was only observed after 
several hours reaction at 300K whereas in the trimethylphosphine 
reaction the SH resonance was detected after several rLinutes 
reaction at 223K. Ligand 11 scrambling" also occurred in the 
PMe reaction whereas there was no evidence of this having 
taken place in the Pt3 system. 
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4.11 	Discussion 
As previous studies on topics related to those covered 
in this chapter are limited in number, there is little scope for 
comparison of the results presented here. Hcwever, several 
interesting points hav emerged from these results and some 
questions have arisen for which there are, as yet, no definite 
answers. 
Mention was made in the introduction of the lack of 
resolvable phosphorus coupling on the hydride resonance of trans- 
1 
1PtH(SeH)(PPh3)2J, reported by Morelli, Ugo et alia in 1967 
A triplet pattern was observed for this signal on cooling, but the 
absence of a triplet at room temperature was presumed due to 
phosphine exchange. Phosphine exchange was inevitable, perhaps, 
as the rr.ethod of preparation of the hydride involved generation 
of free phosphine. 
In conjunction with exchange of phosphines it is likely 
that cis/trans isornerisation could readily have taken place but 
Morelli and his associates did aot report any observation of a cis 
isomer. Kawakarx1i, Ozaki and Tanaka, however, in their work on 
the related compounds PtH(SeR)L2 (R = Ph, p-MeC6H,; 
10 
L = PFh3 and PPh2Me) , discovered that each platinum hydride 
existed as a cis/trans mixture as a result of dissociative exchange 
of the phosphine. 
It therefore seemed a worthwhile exercise to investigate 
98 
the effect of free triethylphoshine on trans-EtH(SeH)(PEt3)J. 
As expected, phosphorus coupling to the hydride was lost but 
there was no evidence, even at low temperatures, of a cis isomer. 
It may be that the arene selenide ligands used by the Japanese 
group have a stronger trans labilising effect than the hydrogen 
selenide ligand1with the result that isomerisation is facilitated in 
complexes of these li,ands. 
Another interestin point to arise from the comparison 
of the results for PtH(SeH)(PPh3)2 and PtH(SeH)(FEt3)2 is the 
observation made by Morelli, iJgo and co-workers that the action 
of HC1 on their triphenylphosphine complex resulted in formation 
of trans-PtC1H(PPh3)2 j and 1-E  Se. This result is sorewhat 
surprising in view of the known tendency of Pt(II) hydrides to 
undergo oxidative addition with hydrogen halides. The consequent 
evolution of hydrogen brings about formation cf a product devoid 
of hydride ligands. The indicationsfrom the results obtained 
for PtH(SeH)(PEt3)2 are that the ultimate products from its 
reaction with HC1 would be PtC1(SeH)(PEt3)2 and hydrogen and not 
PtC1H(PEt3)2 and H2Se. Morelli's and Ugo's results are 
consistent with displacement by HCl of a loosely bound molecule 
of H2Se. 
The ease of addition of the Group VIE hydrides to 
trans- LPtHI(PEt3)2] must be closely linked to the dissociation 
energies of H2S, H2Se and H2Te. These energies are known to 
fall with increasing molecular weight, H2 To, in fact being quite 
11 
endothermic . Thus the slow oxidative addition of H2S and the 
fast additions of H2Se and H2Te as reported in this chapter are 
consistent with predictions based on bond strengths. The 
evidence for the ease of H2 Te addition is adrL:ittedly scanty as it 
was not possible to study this reaction in other than a preliminary 
fashion. 
The ligand 11  scrambling"  process, so much a feature 
of these systems, is likely to be dependent on kinetic factors 
rather than thermodynamic ones. This is effectively illustrated 
by the formation of cis, cis, trans- j2tH2CN(SeH)(PEt3),j as the 
unique product in the reaction of H2Se with trans-PtCNI1(PEt3)2 j. 
The platinum cyanide bond is certainly stron but a solution of 
the mixed cyanide selenide dihydride would be unlikely to be 
significantly more the rrnodynamically favourable than a mixture 
of the dihydride dicyanide and dihydride diselenide species. There 
must therefore be a kinetic barrier operating, in the cyanide 
reaction, towards forrrjation of the "scrambling transition 
state complex. That" scrambling" appears to be facilitated as 
the Group VIB donor atom increases in size may be due to the 
increasing size of orbitals available in the ligand. If a four 
centre bonded intermediate is envisaged during the " scrambling" 
process it is reasonable that larger orbitals would provide 
greater overlap and hence promote formation of this intermediate. 
'cc 
Another factor is, of course, the stabilities of the symmetrical 
dihydrides forn.ed after scrambling has occurred. The dihydride 
species containing two Group VIB donor atoms did not, however, 
show any regular decrease in stability down the series. The 
order appeared to be PtH2(SH12(PEt3)2<< PtH2(SeH)2(PEt3)2 > 
PtH2(TeH)(PEt3)2. The disulphide species was not detected 
but its transient presence in the reaction of 1-12S and FtHI(PEt3)2 
was inferred from the appearance of a species thought likely to 
be its breakdown product, trans-LPt(SH)2(PEt3)2}. 
The reactions of H 2 S and H2Se with the trimethyl-
phosphine platinum hydride indicated that oxidative additions in 
these systems were favoured slightly relative to the larger 
phosphine system. The rapid exchange of ligands among the six 
coordinated intermediates also appeared to be facilitated. As the 
electronic properties of the two phosphines are very similar it 
is probable that these differences are due to their different 
spatial requirements. This would not affect the oxidative addition 
so much as it would the formation of a four centre bonded 
intermediate for ligand exchange. Here the smaller alkyl groups 
on phosphorus would be expected to render formation of what 
would in either case be a very crowded transition state, much 
more favourable. The smaller phosphine also causes the 
platinum atom to be more accessible for nucleophilic attack and 
this is likely to be the reason for decomposition of the four 
coordinate products of the reaction of H2Se and trans- LPtHI(PMe3)21. 
As the size of the phosphine ligand is increased from triethyl to 
triphenyl the platinum atom would be further protected from 
attack and the complex would be consequently very stable. This 
is indeed what Morelli, Ugo et alia found for their triphenyl-
phosphine platinum selenide and sulphide compounds. 
The results for the addition of H2Se to the platinum 
methyl cor.pound are not as convincing as would be wished but 
it is difficult to devise any other explanation which accounts for 
all the facts. If insufficient 1-1 Se had been added this would 
account for the unreacted methyl compound present at the end of 
the reaction but this would not explain the absence of Pt12 (PEt3)2. 
It is clear that this system requires further investigation. 
One byproduct to eerge from the results for the 
oxidative additions is the convenient synthesis of four coordinate 
mixed ligand species which would be difficult to obtain by 
conventional preparative methods. Although no atteLpts were 
made to isolate these species, which include PtCN(SeH)(PEt3)2 
and PtI(SeH)(PEt3)2, isolation should be relatively simple. The 
metathetical replacement of chloride ions by hydrogen selenide 
anions has also been shown to have considerable synthetic 
applicability. The poor results obtained in the attempts to replace 
chloride ions by hydrogen sulphide ions rriay have been due to 
decomposition of the sodium hydrogen sulphide solution to give 
polysulphide species, rather than to slow exchange of ligands which 
would be unlikely in an ionic reaction such as this. 
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spectroscopy has proved an extremely useful tool 
in analysing the rates of oxidative addition, ligand exchange and 
reductive elimination processes, due to the simplicity of the 
proton decoupled spectra and the Fourier transform methods for 
boosting the strengths of weak signals. 
There is little to be gained from a detailed analysis of 
the n. m. r. data accumulated for all the complexes reported in 
this chapter, as the analysis would be necessarily speculative, 
there being few other sources of data for comparison. It is, 
however, worth pointing out that the general differences found on 
comparison of the n. ri-i. r. parameters of trimethyiphosphine 
complexes and their triethylphosphine analogues in Chapter 3 
are also observed in the two sets of selenide derivatives. A 
comparison of Tables 4.5 and 4.10 shows that 	values are 
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CHAPTER 5 
SOME _FLUOROPHOSPHINEPLATINUM CC'MPLEXES 
CHAPTER ! 
Some Fluo ropho sne Platinum Complexes 
5.1 	Introduction 
The complex cis-tCl(PF3) 2jand its dimer Pt2C14(PF3)2 
1 
were first characterised in 19L1 by Chatt and Williams, thereby 
clarifying work done by Moissan as early as 1891. Moissan, the 
first chemist to prepare elementary fluorine, reported the 
2 
formation of PtPF " which Chatt and Williams were able to 
show was, in fact PtFZ(PF3)J?  one of the rare compounds in 
which fluorine functions as a bridging ligand. 
Since 1951 work has proceeded apace on fluorophosphine 
complexes of transition metals and many of the properties and 
reactions of these remarkable compounds are now well understood 
3,4 
in terms of the bonding between the metal and the fluorophosphine 
Trifluorophosphine in many ways resembles carbon monoxide in 
its ability to stabilise low oxidation states of transition metals. 
Indeed the physical properties of :PtCl(PF3) and PtC1 (PF3)ilc 	 z 
are ver;r sirrdlar to those of the analogous carbonyl compounds 
PtC12(cc)2 and PtC12CO, with the volatility and stability of 
the phosphine compounds being slightly the greater. 
Trifluorophosphine differs markedly from trialkyl-
phosphines in that the donor properties of the trivalent phosphorus 
are much weakened by the influence of the fluorine atoms and the 
acceptor properties of the empty phosphorus 3d orbitals are 
significantly enhanced relative to the alkylated phosphorus 3d 
orbitals. Thus PF3 behaves as a typical ir acceptor ligand, whereas 
trialkylphosphines bond to metals predominantly by - donation. The 
surprising stability of the trifluorophosphine complexes is 
undoubtedly due to a strong dir-dir bond formed by donation from 
occupied Sd orbitals in the central metal atom to the phosphorus 
3d orbitals, suitably lowered in energy by the presence of the highly 
electronegative fluorines. The overall bonding process is likely 
to be a syner7ic one. The it bonding increases the electron 
density on phosphorus and hence also its basicity 
There have been many studies made of fluorophosphine 
transition metal complexes in recent years but these have been 
chiefly concerned with cornplees containing metals in the zero 
oxidation state. No complexes of a metal with oxidation state 
higher than +2 have been reported. This fact, by itself, has been 
cited as evidence in favour of the ir bonding nature of the metal-
fluorophosphine linkage. 
This chapter deals with some attempts to prepare a 
Pt(IV) compound incorporating fluorophosphine ligands. Also 
presented is a full n.m.r. characterisation of ds-LPtC12(PF3)21. 
Some n.m.r. parameters for this compound have been previously 
4 
reported 
The compounds whose reactions were studied with a view 
to finding a six coordinate intermediate were cis[ PtCl2(PF3)2j 
106 
and cisPtCl2(PF2NMe2)j.  The replacement of a fluorine atom 
by a dimethylamino group considerably enhances the donor 
4 
properties of the phosphine . The dialkylamino difluorophosphine 
platinum complex was chosen as a reagent partly to compare 
effects of the different basicities of the phosphines and also 
partly to investigate possible cleavage of the phosphorus nitrogen 
oond by acids. Cleavage of this bond, while retaining the 
platinum phosphorus bond, was seen to lead to considerable 
synthetic possibilities. The synthesis of Ni(PF2 Cl) 4 by reaction 
5 
of Ni(PFZNMe?) ZC with HC1 has been reported by Kruck 
5.2 	N,rx.r. parameters of ds_LPtCla(PF3)zJ 
Dichiorobistrifitiorophosphine platinum(II) was prepared 
1 
and purified in the manner described by Chatt and Williams 
from powdered PtCl 2 and PF9 at elevated temperatures. A mass 
spectrum was recorded to determine the purity of the product. 
This showed that approximately 10/0  of the dimer PtCl2(PF3)j2 
was present as an impurity in the sample. The fragmentation 
pattern of the monomeric species, which has a square planar 
structure, was extremely clear. Loss of PF3 was the first step 
in the breakdown process for the majority of the molecules. 
Use was made of the multinuclear a. in. r. facilities 
available to record the 
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 P and 
19
F n. m. r. spectra of PtC12(PF3)2. 
The 
19E  INDOR spectrum was also obtained by irradiating one 
of the 	Pt satellites in the 	spectrurL. These spectra, 
107 
recorded at 300K in C6D6, are reproduced in Figures 5. 2.1., 
5. 2. 2. and 5. 2. 3. The parameters obtained are detailed in Table 
5. 2. The values of the phosphorus and fluorine chemical shifts 
and the phosphorus fluorine coupling constant agree very well with 
4 
those previously published . The other parameters given in 
Table 5. 2 	
195 
have not been reported before. The 	Pt spectrum is 
predicted to be a triplet of septets from couplings to two phosphorus 
and six fluorine nuclei. The INDOR spectrum depicted in Figure 
5. 2. 3. shows the central five lines of the septet to highest 
frequency. 
It can be seen from Table . 2 that the size of the 
platinum phosphorus coupling constant determined for PtC12(PF3)2 
is extremely large and indeed, appears to be the largest value 
yet published for 1J(PtP). Values over 6000 Hz have been 
quoted for triphenyiphosphite ligands in some mixed phosphine 
6 
phosphite platinum complexes and these have been ascribed to 
increased ir bonding in these compounds. 
The sine of 1J(PtP) reflects the strength of the metal 
phosphorus bond and it is also dependent on the electronegativity 
of the substituents on phosphorus, as increased electronegativities 
cause increased values of 1J(PtP) by promoting stronger rnetal-pir 
bonding. The phenoxy group in triphenylphosphite has a 1are 
electronegativity which accounts for the values of 1J(PtP) found 
for its complexes with platinum. However, fluorine has the 
TABLE 5.2 
N. r. r. parameters of cis-jPtC12(PF3)2 j 
Compound 	
631a 	9Fb 	 1J(PtP) 1J(PF) IJ(PtF) 
cis-tC12(PF3)2j +72.5 	+35.3 	+4 34 	+6617 -1346 	620 
Estimated 
errors: 	 0.5 	p0.5 	±1 	t 10 	tlO 	t lo 
Notes: Parameters were recorded at 300K in C 
6 D 6 
 and have 
not been corrected for small second order effects. 
JFF)t = ca. 10 FL. 
a = p.p.rn. to high frequency of external 85°/0 H3PO4  
b = p.p.m. to high frequency of external CC13F. 
c = p. p. m. to high frequency of external 0. 5M. 
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Fig.5.2.3 195Ft INDOR spectrum of PtCi2(PF3)2 
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largest electronegativity of all the elements and it is obvious 
that an extrer.ely large value of 1J(PtP) is to be expected for a 
compound such as s-1FtCl(FF9 ).J. In addition, cis platinum 
bisphosphine complexes generally have larger values of 1J(PtP) 
than trans complexes, in which the 17't-.P bonds are weakened by 
the mutual trans labilising influences of the phosphines. 
Free trifluorophosphine has a phosphorus chemical shift 
b 
of +lOL. p.p.m. . The shift to lower frequency on coordination 
implies greater shielding of phosphorus. This is contrary to the 
results obtained for trialkylphosphi.nes as the phosphorus atorAs, 
in these cases, experience reduced shielding when bonded to 
platinum. Trialkyiphosphine s, however, being predominantly 
o- donors lose electron densit1r to the central metal when the 
complex is formed whereas trifluorophosphine, by virtue of its 
efficient ir acceptor orbitals may marginally gain some electron 
density at platinum's expense. 
Almost without exception the absolute magnitude of 
1J(PF) is lowered when the flucrophosphine becomes coordinated 
4 
to a transition metal . In this case the phosphorus fluorine 
coupling is less negative by 100 HL, than the free ligand value of 
-1440 H 
The value obtained for the 	Pt chemical shift of 
PtC12(PF3)2 is somewhat surprising because of its close 
similarity to the value of +414 p. p. rxi. reported for 
9 
ds_PtG1(PEt3)j. The very different electronic properties of 
triethylphosphine and trifluorophosphine would have been expected 
to result in a greater discrepancy in the platinum shifts of the 
respective dichlorides as platinum shifts cover a wide range of 
values and are known to be sensitive to small changes in the metal 
environment . However, McFarlanes results for some cis 
platinum dichiorides with alkyiphosphines and phosphites show 
that the p1anum chemical shifts all fall within a fairly narrow 
10 
range viz. Ca. 150 p. p.m. • The substituents on phosphorus 
therefore seern to make little contribution to the platinum shifts, 
which depend much more significantly on the stereochemistry of 
the complexes. A pair of cis and trans platinum dichloride 
10 
isomers may have 
195 
 Ptshifts varying by as much as 500 p.p.rn. 
5. 3 	N. m. r. parameters of dPtCl2(PF2NMe2)2j 
The 31 IP and 19F n.rn.r. spectra of cis{?tCl2(PF  11 2NMe2)21 
have been ana1y.ed as an X2AA1X21  spin system by Nixon. 
Values of +38.2 p.p.m. for the phosphorus chemical shift and 
4 
-112 H for 1J(PF) have been quoted . The small phosphorus- 
phosphorus coupling obtained from analysis of the 19F spectrum 
viz. 32 H.., proved that the complex had the cis rather than the 
trans configuration. Dirnethylamino difluorophosphine can, in 
principle, form complexes Using either nitrogen or phosphorus 
as the donor atom. That phosphorus is the donor atom has been 
shown by comparing the value of 2 J(PP) for PF2NMe complexes 
110 
with values of J(PP) obtained for complexes in which phosphorus 
4 
must be the donor atom • The similarity of these values 
provides stron evidence for phosphorus being the donor atom 
as this coup]1n' would be much smaller, being over four bonds, 
if nitrogen was bonded to the r:.etal. 
A sample of cis_ L PtCl(PFNMe2 ) 2 j was prepared 
31 according to the method of Nixon and Sexton . Its P spectrum, 
recorded in CiJC13 at 300K, showed the expected triplet due to 
the fluorine, with sorr!e second order perturbations, and 
platinum satellites. The phosphorus chemical shift and 1J(PF) 
4 
parameters agreed well with those already reported . The 
1J(PtP) value observed was +540 Hz. The reduction in platinum 
phosphorus coupling as the ligand is changed from PF3 to 
PF2NMe reveals the decrease in iT acceptor strength on 
repiacoment of a fluorine atom by a dialkylamino group. 
Also present as an impurity in the 
31 
 P spectrum of 
cis-Lptc:l(?FNMe2)2 j was a compound giving a weak triplet 
resonance with platinum couplimg. This resonance, due to 
another compound with a PF. grouping in the ligand, was 
tentatively assigned to cis- 1Pt0l2(PFC1)2 j. It is quite probable 
that PFCl could be formed in small amounts during the 
preparation of cis- 1PtCl2(PFNMe42 j which involves heating a 
mixture of PFNMe2 and PtCL. In addition, the measured 11(PF) 
coupling for the impurity (ca. -1230 Hr) was larger than the value 
III 
for free FF2N/e2 , thus implying that the impurity could not be 
another complex of PF2NMe, as 1J(FF) values nearly always 
become less negative on coordination cf the ligand. The free 
ligand value of J(PF) for PF2CI is -1390 Hz . Thus a value of 
-1230 I-I is quite consistent with coordinated PF2Cl. The 
phosphorus chemical shift of this complex was +28.1 p.p.rn. and 
the value of 1J(PtP) was found to be +5418 Hz. Further support 
for this assignment of cis-L PtCl2(PF2C1)2 j came from the mass 
spectrum of cis_PtC1Z(PF?NMe?)Zj. A significant quantity (ca. 
150/0) of a complex with an rn/c value of 474, which corresponds 
to the molecular weight of cis-[PtCl2(FF2 Cl) 2 j, was detected as 
well as the bisdialkylarnino complex whose parent ion appeared 
at rn/c = 492. 
.1 	Attempts to prepare Pt(iV) fluorophosphinecornplexes 
The attempts to discover fluorophosphine Pt(IV) species 
consisted of reactions of both PtC12(PF 	and PtCl2(PF2NMe2 )2 
with HOl and Cl,. Trialkylphosphine platinum complexes are 
1. 
known to react readily with both gases to form six coordinate 
9 
Pt(IV) species 
When equimolar proportions of HC1 and PtC12(PF3)2 
were mixed at 213K in CDC13 the 31 P spectrum recorded was that 
of the starting rraterial only. No new resonances were achieved 
on further cooling, or on warming to room temperature. The 
reaction of Pt012(PF3)2 with chlorine was also unsuccessful. 
However, the reactio: of Pt12(PFNMe2)2 with HC1 
produced some interesting results. Five equivalents of HC1 were 
used in order to bring about cleavage of all P-N bonds (with 
presumed formation of NMe2H7+Cl ) and possible oxidative 
addition to the resulting bis PFCl species. 
Th.e 
31 
 spectrum of the reaction mixture, a clear 
yellow solution, was recorded at 300K in CDC13 and immediately 
indicated that the reaction had not followed this anticipated route. 
The spectrum, which consisted of three sets of resonances, 
showed no trace of any remaining starting material. One set of 
resonances, the most intense, comprised a quartet of singlets, 
with platinum satellites, centred at +4&.6 p.p.m., with 
1J(PF) 	l339 Hz and 1J(PtP) = +74 Hz. Another consisted of 
a quartet of quartets, also with platinum coupling and with a 31F 
chemical shift value of +71.1 p.p.m. This species gave 
1J(PF) = -1334 Hz and 1J(PtP) = +7328 Hz. The third resonance 
was identical to that of the impurity, attributed to cis-LPtC12 -
(PF2C1)2J, in the spectrum of the starting material. This impurity 
evidently did not react with HC1. 
The two products are obviously PF3 species, from the 
quartet pattern of the resonances. The extremely large 
platinum phosphorus couplings, considerably larger than that 
obtained for cis-LPtC12(PF3), must be due to increased ir 
character in the Pt-P bonds. One way in which this could have 
113 
occurred is by the formation of anionic platinum complexes. The 
additional electron density on the metal would result in increased 
11 back bonding to the fluorophosphine ligands. The values of 
1J(PF) for the two products are similar to the 1J(PF) value In 
cis_IPtC1Z (PF3)?j but slightly smaller. This is consistent with 
increased Tr character in the Pt-P bonds, as this has the effect 
of slightly diminishing the pir-dir component of the P-F bond, an 
thus reducing the value of the coupling constant. 
The presence of only PF3 platinum products means that 
all the phosphorus nitrogen bonds were broken by HC1, presumably 
accompanied by formation of dimethyl-arimonium ions. Some 
evidence for the formation of the NMe2H2+  ions was afforded by 
a comparison of the proton spectra of the reaction mixture and 
the starting material cis-[PtCl(PF2 NMe2)2 j. In the latter 
spectrurr the methyl resonance, at approximately 7T, showed 
coupliflg to both phosphorus and fluorine as expected. The methyl 
resonance in the product mixture, however, had lost both of 
these couplings and appeared as a broad singlet, as might 
reasonably be expected for a N(CH3)2H. + species. 
The product whose 3 P resonance was a quartet of 
singlets would appear to contain only one phosphine ligand as no 
long range coupling to fluorine was observed. A possible 
assignment for this complex is therefore [PtC13(PF3)J , probably 
paired with a dimethylammonium cation. A reasonable assignment 
IN 
of the other resonance, the quartet of quartets, is more difficult. 
The secondary quartet splittings, of the order of 20 Hz, are 
presumably due to long range fluorine coupling and imply that there 
are two equivalent PF ligands in the compound. The large J(PtP) 
value and the assumed presence of two FF3 groups bonded to a 
divalent platinum atom are difficult to reconcile. One possible 
explanation is that the compound is the dirner LPtCl2(PF3)i2. 
This compound is well known as a by-product in the formation of 
PtC12(PF3)2 but, unfortunately, its n.m.r. parameters have not 
been reported. It is conceivable that the electron density on each 
platinum atom in a dirner structure i-night be sufficiently great 
to account for the large 1J(PtP value. 
It is very difficult to devise a reaction mechanism to 
account for the results observed in the reaction of PtG12(PF2NMe2)2 
with HC1. Fluoride exchange has obviously occurred to produce 
PF3 groups but the fate of the other phosphorus atoms is 
uncertain. They may have exchanged fluorides for chlorides and 
finally formed FC16 or some similar species, to pair with the 
available dimethylammonium cations. An alternative is that 
the phosphine atoms not contained in the platinum products could 
have been substituted by dimethylarnino groups, in exchange for 
fluoride ligands, to give species of the type P(NMe2)4  
Although the reaction mechanism is uncertain and 
further study is necessary to clarify the situation, it is clear that 
ULd 
no Pt(IV) species were detected. P-N bond cleavage certainly 
took place as anticipated but the excess hydrogen chloride did not 
appear to add oxidatively across the product. The reaction was, 
however, carried out at room temperature. Any six coordinate 
intermediate would probably have been short-lived and possibly 
only detectable at low temperatures. In any future investigation 
an 19F spectrum of the products might also be informative. 
The reaction of equicnolar quantities of Cl2 and 
cis-[PtC12(PF.,NMe_)2 j in CD013 at 123h, like the reaction with 
HC1, produced a clear yellow solution. The 31 P spectrum of the 
reaction products consisted of nearly forty lines. An analysis of 
the spectrum showed that nearly all the signals could be accounted 
for by four triplets with platinum satellites. One of the triplets 
was found to be unreacted starting material. The resonance due 
to the impurity in the starting material, which remained 
unchanged after the reaction with HC1, had disappeared from the 
31 P spectrum in the reaction with chlorine. 
The most intense of the three remaining triplets had a 
phosphorus chemical shift of +43.3 p. p.m. and gave 1J(PF) = 
-1272 H; and 1J(PtP) = +3768 Hz. The other two triplets, which 
had approximately equal intensities, each about one third of the 
intensity of the major product resonance, had 
31 
 chemical shifts 
of +47.0 and -13.2 p.p.rn. and 1J(PF) values of -1276 and -1281 Hz. 
The magnitudes of 1J(PtP) were +4000 and +3680 Hz respectively. 
The most striking feature of these results is the dramatic 
reduction in size of the platinum phosphorus coupling constants. 
The phosphorus chemical shifts have also moved significantly to 
lower frequencies. The other major difference from the products 
of the HOl reaction is that, with Cl,., only PF2- containing ligands 
were found in the products. It nust be emphasized, however, 
that the chlorine reaction was carried out at 223K whereas the 
products of the reaction with HOl were observed in the 31 P 
spectrum at 300K after several hours reaction time. 
Nevertheless, it appears that the action of chlorine has 
been one of oxidative addition. The much reduced values of 
1J(PtP) for the products of the chlorine reaction, as opposed to 
that of the starting material (+5340 Hz), are indicative of the 
products being Pt(IV) species. The ratio of 13(PtP) for closely 
related Pt(II) and Pt(IV) species should be 0. 67 from a comparison 
of the d 
2 
 s p 
3 
 and dsp2 hybridised states if the s orbital contributes 
equally to all the hybrids. The 1J(PtP) values for the products 
of the reaction divided by the value of 1J(PtP) for 
cis-L?tCl2(PF lime 2)2 j give ratios of 0. 65, 0.63 and C. 68. 
The decrease in the phosphorus chemical shift values is 
also supporting evidence for the formation of Pt(IV) products. 
A comparison of 31P shifts for several pairs of Pt(II) and Pt(IV) 
compounds shows that a move of the 
31
P shift to lower 
frequencies is a general consequence of increasing the oxidation 
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state from +2 to +4. 
The identities of the postulated Pt(1V) products are 
uncertain but it seems unlikely that they contain any PF2NMe2  
ligands as the values of 1J(PF) observed are all considerably 
greater (ca. -1280 Hz) than 13(PF) determined for free :PF2NMe2 
4 
(-1197 Hz) . A decrease in the absolute magnitude of 1J(PF) is 
normally a reliable indication that the ligand has become coordinated 
and thus it appears that the diflucrophosphines attached to platinum 
after the reaction with chlorine have exchanged their 
dialkyla.rnino groups for other substituents. The only likely 
substituent is chloride and it is therefore possible that the 
phosphorus resonances in the spectrum of the product mixture 
are all due to PF2CJ ligands, with the exception, of course, of the 
remaining starting material. Free PF2C1 gives a 1J(PF) value 
of -1390 Hz and thus the observed 1J(PF) values of Ca. -1280 Hz 
are quite consistent with coordinated PF2Cl. 
It is reasonable, therefore, to interpret the observed 
resonances as arising from PF2C1 ligands in three different 
environments, bonded to six coordinate platinum. There could be 
either two products, one of which was symmetrical with equivalent 
phosphorus atoms and the other having nonequivalent phosphorus 
atoms, or three products each containing equivalent phosphines. 
A careful consideration of the reaction eliminates the latter 
possibility as being extremely unlikely as there are only two types 
IKI 
of ligands available, chlorides and dimethylarnino groups. Thus 
three symmetrical cis Pt(IV) products are improbable, remembering 
that the overall ratio of chloride to dialkylamino is approximately 
two to one. 
The fomation of two products, one with both PF2G1 
groups trans to the same ligand and one with different ligands 
trans to the fluorophosphines, therefore seems feasible. 
Another point to be borne in mind is that the 3 11D 
chemical shift of the impurity resonance in the starting material, 
which was thought to be due to cis-LPtCl(PF2 Cl) 2J, occurred at 
+8.l p.p.rn. Maidng the assumption that the 
31 
 P shifts in this 
type of system will display a shift to less positive values when 
coordination of the central metal is increased it seems likely that 
the product resonance appearing at -18.Z p.p.rIi. will have chloride 
trans to P-2-Cl. The other resonances due to products in the 
31 P spectrum are centred at +48.3 p.p.m. and +47.0p.p.m. 
and have very similar coupling constants. These could possibly 
be due to PF2C1 groups trans to dialkylamino ligands. They 
certainly do not appear to be trans to chlorides as the 31P 
chemical shifts are greater than the value for cis-{PtCl2(PF2C1)J, 
thus suggesting that the arrangement of ligands in the species 
producing the higher 
up 
 shifts must he quite different. 
As the two less intense triplet resonances had almost 
the same intensities in the 
3i 
 P spectrum they are assigned to 
119 
the nonequivalent phosphorus ators in a six coordinate product, 
















The exchange of the dialkylamino grouping in the 
phosphine for chloride may have occurred by an intramolecular 
or an intermolecular mechanism. Had only intramolecular 
exchange taken place then the appearance of cis-[PtC14(PF2 Cl) 2J 
would be expected, formed by oxidative addition of Cl2 to the 
cis-[PtC12(PF2 Cl) .J impurity. 
It may be that the resonance centred at -18.2 p.p.m. 
is due to this tetrachioro product and that the other minor triplet 
resonance arises from a symmetrical species containing 
di.alkylamino groups trans to PF.,Cl ligands. 
One interpretation of the results of the reaction, however, 
is that chlorine added rapidly to cis-PtC1(PF2NMe2)2 j (and 
to the PtCL(P' 2Gl)2 ir.rLpurity) t o give Pt(IV) species which 
120 
underwent fast intermolecular and possibly also intramolecular 
exchange to form a product mixture in which the dialkylarnino 
groups became bonded to platinum instead of to phosphorus. The 
lability of chloride ligands bound to platinum is well known and 
has frequently been utilised in preparative reactions, in which 
the chlorides are exchanged for heavier ligands. The dialkyl-
amino group is heavier than the chloride ion and exchange in 
favour of the amino-platinum linkage is not unreasonable. 
The absence of any detectable F-P coupling in the 
product assumed to have nonequivalent phosphorus Atoms is 
not necessarily significant as the cis 
Zj(pp) 
 coupling is known 
to be small, of the order of 30-40 Hz, in platinurri(II) 
4 
fluorophosphine compounds . It is likely that this coupling 
would decrease on increasing the coordination number of the 
metal and as the 
31
P spectrum was recorded with a spectral 
width of 10, 000 H a small coupling might not have been 
resolved. 
It must be stressed that the interpretation of the 
results given above is necessarily speculative. Nothing is known 
about the behaviour of coupling constants and chemical shifts in 
fluorophosphine complexes of metals in oxidation states greater 
than +2. The analysis of the results presented here has been 
based on known trends in n. m. r, parameters on coordination 
of fluoropho sphine s and on extrapolations from trialkyipho sphine 
platinum complexes. 
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5. 5 	Discussion 
The results presented in this chapter are interesting 
for a number of reasons, the chief of which must surely be that 
the mechanisms and products of the two reactions of 
cis-PtCl(FF2NMe2)2J are so very different and quite unlike 
any results hitherto published. The shortage of data for comparison 
has been responsible for some of the difficulties encountered in 
identifying the species formed. Clearly further investigations 
are needed to verify or disprove the speculative assignments 
made. 
There are many puzling features of the reaction with 
hydrogen chloride. The formation of PF3 species is surprising, 
and although it is tempting to postulate a type of 
disproportionation viz. 
3PF2NMe2 -+ 2FF3 + P(NMe2)3  
this is hardly feasible if the phosphines remained coordinated 
to platinum throughout the reaction. 
The suggestion that Pd 6 or P(NMe2)4 ions were 
formed to explain the fate of the 11 missing" phosphorus atoms 
is not unreasonable. Pd 6 is known, in the solid state, to have 
31 	
12: 
a p chemical shift of -293 p.p.m. , which is outwith the 
normal observation range of a 	spectrum. A signal 
corresponding to this anion would therefore not have been 
+ 
detected, except as a 'folded-back' peak. JPCI4 , another 
122 
11 
possibility, resonates at +84 p.p.rn. in the solid state, and a 
peak at this position would have been observed had it been present. 
{31P resonances of these ionic species recorded in the solid state 
and in solution are not expected to differ by more than 10 p.p.m.] 
There is considerable support from work done b 
13 
Goggin, Goodfellow et alia for the proposal that the anomalcusly 
large values of 13(PtP) could be due to anionic and dimeric 
species. They reported the n. m. r. parameters of the anion 
{PtCl3(PMe3)f and also of the dimer L PtC12(PMe3)j2. The 
1J(PtP) values for these complexes were +3674 Hz and +3834 H. 
respectively, which are significantly larger than the value of 
+3480 H obtained for the complex cis_ L YtC12(PMe3)2 j. 
Trirnethy1phsphine, like all trialkylphosphines, bonds to platinum 
principally by a- donation of its lone pair electrons. Thus extra 
electron density on platinum would not be expected to affect 
the 1J(PtP) coupling of the PMe3-Pt bond to the same extent as 
it would a Pt-P bond which largely depended for its strength on 
electrons from the metal being used to form a ir bond. Therefore 
the effect on 1j(PtP) of anion or dirner formation in a PF3  
system would be predicted to be greater than in a trialkyl-
phosphine system. 
A close inspection of the pattern of resonances, a 
quartet of quartets, tentatively ascribed to the dimer {PtC12(PF3)j2 
shows that there are small perturbations which are probably the 
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result of a small phosphorus phosphorus coupling. In a dimer 
structure, however, coupling to the further platinum might also 
be expected and this may be the cause of the small second order 
effects. Dimethylarnrnoniurn chloride, which was thought to be 
a likely product of P-N bond cleavage by HCT is reported as being 
14 
very soluble in chloroform , the solvent used for the HC1 
reaction. Thus it seems certain that ion pairs were present in 
the product mixture. 
In the chlorine reaction, despite the doubts as to the 
precise identities of the products, it seems quite reasonable to 
assume that they are indeed Pt(IV) complexes. Thus replacement 
of one of the fluorines in PF3 by a dialkylamino group or by a 
chloride has a sufficiently large influence on the electronic 
properties of the phosphine to permit an increase in the coordination 
of the platinum to which the phosphine is bound. This, however, 
seems only permitted when a strong oxidising agent such as 
chlorine is used. The effect of hydrogen chloride appears to have 
been only that of an acid, causing rupture of the P-N bond, which 
4 
is known to be very susceptible to attack by hydrogen halides 
4 
In his review of fluorophosphine chemistry, Nixon 
mentions that chlorine readily oxidises dialkylamino difluoro-
phosphines to the corresponding phosphoranes. The absence in 
the reaction of cis-[PtCl2(PF2Niviej and Cl., of any five 
coordinate phosphorus species, which are characterised by 
124 
15 
smaller 1JF) couplings (1J(?F) in (0H3)N
21 
 1F2C1 2 -94 Hz ), 
means that coordination of the phocphire to platinuri! has 
prevented its oxidation by chlorine. 
125 
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lixpe rimenta 1 
	
6. 1 	General Experimental Methods 
The preparations and experiments described in Chapter 
1 were carried out in air unless the products were known or 
thought to be air sensitive, in which case an atmosphere of 
nitrogen or argon was used. The complexes prpared were stored 
at low temperatures, c. a. 243°K, to prevent any possible room 
temperature decomposition. 
The work contained in the other four chapters was 
carried out using a conventional, greased-tap pyrex glass vacuuri. 
line to handle volatiL copounds. Reactions were performed in 
greaseless tap amnpoules and in sealed n. in. r. tuces. (uantities 
of condensible reagents were i±.easured in calibrated vo1ures 
using a glass spiral gauge to register pressures. 
Air sensitive involatile compounds were handled in 
an atmosphere of dry nitrogen in a dry bag. Volatile compounds 
were purified by trap-to-trap; distillation and the purity checked 
by recording the infra red spectra. 
6.4 	Instruments 
For routine low resolution infra red spectra a Perkin-
Elmer 457 spectrometer with a range of 400C - 250 cm 1  was 
employed. The calibration was checked using a polyethylene 
standard. High resolution spectra were recorded on a Perkin-
Elmer 225 grating spectrometer (5000 - ZCL cm 1) and on a 
127 
Beckman-RuG FS 720 interferometer operating in the range of 
500 - 80 cm'. Gaseous samples were contained in infra red 
cells with polished KBr windows. Solid samples were recorded 
as Nujol mulls. Interferometer samples were combined with 
polyethylene powder and pressed to form smooth discs. 
The photoelectron spectra were recorded using a 
Perkin-ElrL.Ler P316 spectrorieter with He  (5C4 X) excitation, 
The instrument was equipped with a heated probe for the 
introduction of involatile samples. The spectra were calibrated 
by means of the argon peak at 15. 75eV. 
The proton a. m. r. spectra were measured using a 
Varian Associates HA 100 spectrometer operating at 100 MHz 
(1H). The 31P, 
195 
 Ptand '9F spectra were obtained using a 
multinuclear Varian Associates XL 100 spectrometer equipped 
with Fourier Transform facilities. Low temperature spectra 
were recorded using variable Dewar inserts to cool the probe. 
Accurate measurements of the temperature, which were 
required for the work in Chapter 1, were made by using a 
standard methanol sample. Tetramethylsiiane was generally 
used as the internal lock signal for proton spectra, but CH2C12 
was also used on occasion. The XL 100 spectrrneter 
employed a deuteriated solvent as lock. The heteronuclear 
double resonance or "spin tickling" technique provided a very 
convenient means of c1;taining chemical shiftc and coupling 
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constants for nuclei other than hydrogen frorz.. the proton spectra. 
1 
Full details of the technique are given in a boos by McFarlane 
The technique involves connecting a second radio-
frequency provided by a Schiumberger FS 30 frequency 
synthesiser, to the probe. With the spectroneter chart recorder 
pen positioned over the peak to be decoupled the second radio-
frequency is varied until the peak is "collapsed". More 
sective "tickling" is achieved by decreasing the amplification 
of the synthesised frequency. Various corrections have to be 
made to the observed decoupling frequency to allow for TMS not 
resonating at exactly 100 MH, to relate the observed 
frequency to the TMS centreband rather than to a sideband, and 
to counteract any instrumental offsets. 
6.3 	Preparation ofstartimaterials 
Samples of HI, H3, H2Se, H2 Te, 	and PF2NMe2 
were kindly supplied by members of the research group. Other 
starting materials not mentioned below were commercially 
available and were used without further purification. 
Compound 	 Method 	 Reference 
c- and t-PtC12(PEt3)., 
t- Ptx2(PEt3)2 
(x = Br,I) 
t-. PtC1H(PEt3)2 
t- PtHX (PE t3)2 
(X = Br, I, CN) 
KPtCl 
4 	3 
+PEt 	 2 
NaX + t-PtCl2(PEt3).. 	3 
+ c-PtCl2(2t3)2 	4 
Na.-X' + t-PtC1H(PEt3)2 	4 
12 i 
Cor.ipound 	 Method 	 Reference 
t- Pt(GH3)I(PEt3)2 	CH3MgI + t- PtCl2(FEt3)2 5 
t-PdC12(PEt3)2 	 K2PdC14 + PEt3 	 6 
t-Pt12(PMe3)2 	 lPtI4 + PMe3 	 7 
c-PtC12(PF3)2 	 FF3 + PtC12 	 8 
t-jPtCl2(TMA)j2 	t-1PtC12(C2H4)j2 + TIiLA 	9 
NaHSe 	 Se + NaBH4 	 10 
NaHS 	 S + NaBH4 	 10 
PtCJ 
2 	 6 2 
HPtC1 6H 0+ 	 11 
N21-14. HC1 
FI2PtC16. 6H20 	 Pt + aqua regia 	 12 
	
10 	1.0 
The preparations of NaHSe , Na}I 
13 	 z 
Cis-itCl 
2 	2 
(PF NM Z e ) 	, cis-FtC1 (PivIe ) 	and . 2 	3 
trans- PtC1H(PMe) 	as used in this work are included in - 	 3 
the next section. 
6.4 	Details of experiments 
Most of the reactions described in Chapters 3 - 5 were 
carried out in n. m. r. tubes. Typically 0.2 mmolar quantities 
of the reagents were reacted in 0. 5 rid of solvent which had 
been dried over molecular sieve. The usual solvent was CH2C12. 
Preparations of those starting materials whose syntheses do not 
appear in the literature or whose literature syntheses differ 
from those used in this work are given below. Details of 
130 
several of the reactions are also described. 
Most of the compounds PtC12 L(TMA) reported in 
Chapter 1 were prepared by adding two equivalents of the ligand 
L to one equivalent of the dirner tPtCl2(TMA). 2 in CH2C12 at 
273°K. The colour of the solution changed from bright orange 
to yellow during the reaction. After approximately 30 minutes 
reaction time the solution was concentrated by solvent removal 
under vacuum. Storage of the solutions at 243°K promoted 
crystallisation of the products. They seldom required to be 
recrystallised. 
There were a few exceptions to this L,eneral method 
of synthesis. The glycinc complex was prepared by 
displacement of ethylene in PtCl(C2H4)(N trans - glycine) in 
the following manner. 
	
6.4. 1 	Preparation of PtC1(TMA)(N-trans- glycine) 
0.2 ml of TIvIA was added to a stirred suspension 
of 0.115 g of PtC1(C2H4 )(N-trans-glycine) in 5 rU of acetone 
at 323°K and the solid dissolved to give a clear yellow solution. 
After the reaction had ceased the solvent was evaporated under 
vacuum yielding a bright yellow product which was washed 
with pentane and dried. 
6.4.2 	Preparation of trans- L PtC12(SPh2)(TMA)J 
0. 539 g L PtC12(TMA)J 2 was mixed with C. 294 g of 
diphenylsihide in 15 ml CFC13 at 253°K. The mixture was 
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stirred at 253°K for two hours and the reaction was then allowed 
to warm to room temperature. The CFC13 evaporated leaving 
a yellow residue on the walls of the reaction vessel and an orange 
residue below. The yellow product was collected and the orange 
one discarded. 
6.4.3 Preparation cis-PtCl2(P'iie3) 2J 
2..S9 g (7 m.moles) of K2PtC14 wan cliscolved in Ca. 
20 ml of I-l0. The solution was filtered into a greaseless-tap 
ampoule, which was then attached to a vacuum line. The 
solution was degassed and cooled to 77°K. 1L m moles of 
trimethylphosphine was condensed into the ampoule. The 
reagents were carefully warmed to room temperature (in the 
closed ar-ipoule) whereupon a. reddish brown precipitate formed. 
This was [Pt(PMe3)4 jPtCl4j. The reaction mixture was 
shaken for 20 minutes and the ampoule was opened. The 
mixture was heated in a boiling water bath for a further 20 
minutes. The reddish brown precipitate decomposed yielding 
pure white crystals of the product. The mixture was cooled and 
the product filtered off, 
6. 4. 	Preparation cf tra ,.s-.FtClH(PMe3) 
2 g of cis- .tCl2 (Pi.i.e3)j was treated wit a solution 
of 1. 5 ml of hydrazine hydrate in 25 ml H2 . The mixture was 
reflu.xed for one hour and cooled gradually to 273°K. The p1-i 
was adjusted to pH3 by addition of dilute HC1 and the product 
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was then extracted with ether. The ethereal extract was 
evaporated to dryness yielding an off-white powdery residue. A 
proton n. m. r. spectrum confirmed the product's identity. The 
bromide and iodide were prepared by rnetathctical replacement 
of the chloride with NaBr and Nal. 
	
6.4.5 	Preparation of NaHe 
0.81 g of NaBH, was introduced into a greaseless-tap 
ampoule followed by 1. U ç of powdered grey selenium. The 
ampoule was attached to a vacuum line and evacuated.25 ml of 
dry absolute alcohol was distilled into the reaction ampoule. 
The reagents were then allowed to warm up. The reaction 
started slowly but became very vigorous, requiring cooling in 
an ice bath. Hydrogen, a byproduct, was pumped out of the 
system to maintain a steady pressure of 20 cm Hg. After ca. 
15 minutes reaction time the mixture, which was by then an 
almost colourless solution still containing some unreacted 
selenium, was ccded to 77°K NaHSe was not isolated, portions 
of this solution being used when NaHSe was required. The 
solution was extremely air sensitive and was always handled 
under vacuum. 
6.4.6 	Preparation of NaHg 
Equivalents of powdered sulphur and sodium boro-
hydride were reacted in alcohol in a manner analogous to the 
preparation of NaHSe. The mixture darkened from pale yellow 
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to deep orange in the course of the reaction. Again, no attempt 
was made to isolate the product. 
	
6.4. 7 	Preparation of trans- LPtH(SeH)(PEt3)j 
0. 5 g of trans- 1PtC1H(PEt3)21 was introduced into a 
greaseless-tap ampoule which was then connected to a vacuum 
line and evacuated. A quantity (an excess) of the NaHSe solution 
was allowed to fall by gravity through an evacuated system into 
the ampoule containing the platinum hydride. There were no 
indications that a reaction had taken place but on evaporation of 
the alcohol a creamy yellow residue remained. Methylene 
chloride (ca. 10 ml) was distilled into the ampoule and the 
mixture was then filtered under vacuum through a glass sinter 
(to remove NaG]. and excess NaHSe) into another ampoule. The 
clear yellow filtrate was evaporated to dryness to yield the yellow 
product. 
6.4.8 	Preparation of trans-j,Pt(SeH)2(PEt3)J 
This preparation was achieved by reacting an excess 
of Nal-Me solution with trans- -tCl2(PEt3)2 j in a manner identical 
to that used in 6.4.7. 
6.4. 5 	Preparation of some SH containing platinum compounds 
The technique used was the addition of excess NaHS 
solution to the corresponding platinum chloride species. The 
reaction mixture was treated in the same way as for the NaHSe 
reactions. 
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6. 4. IC- 	Preparation of cis, cis, trans- LPtH2(CN)(SeH)(PEt3)21 
0.2 m. moles of H Se was condensed into an n.rn.r. 
tube containing 0.2 rn. moles trans- Pt(CN)H(PEt3)2J and 0.5 ml 
CH CL,. The reaction mixture was warmed to 2130K and the 
proton spectrum recorded (see Chapter 4). 
6.4. 11 	Preparation of cis, cis, trans- {Pt(CH3)i-112 (PEt3)2] 
0.2 m. molar quantities of trans-LPt(CH3)I(PEt3)2] 
and HI were reacted in 0.5 nil CH Cl2 in a sealed n. m. r. tube 
at 213°K. The proton spectrum was recorded and the following 
parameters were obtained for the product:- '1(H) = 25. 53, 
1 J(P
. 	 2 
tH) 	ca. 1196 Hz, J(PH) = Ca. -9Hz. 
6.4.12 	Reaction of trans- L PtHI(PEt3)2] and 1-12 Te 
0. 16 g of PtHI(PEt).. was weighed into an n. m. r. 
tube. 0. 5 ml CH2CL. was distilled into the tube followed by 
0.4 m.rnoles of H2 Te. This represented an excess to allow 
for decomposition of the H2 Te before reaction could take place. 
The pressure of H2 Te in the system was not allowed to exceed 
5 cm Hg during the transfer to minimise decomposition. The 
vacuum line was covered with black cloth to protect H2 Te from 
the light. 
6.4. 13 	Preparation of cis- L FtC12(PF2NMe2 )2] 
A round bottomed 250 ml flask containing 0.81 g of 
PtCL was fitted with a cold finger and evacuated on a vacuum 
line. 7 m. moles of PF NMe.., was condensed into the flask. The 
2 
.L
1 	' J JI- 
reaction mixture was warmed to room temperature and then 
heated in an oil bath at 333°K for one hour. During this time a 
white product formed on the walls of the flask. When no further 
change was observed the flask was evacuated and some unreacted 
PF2NMe2 recovered. The cold finger, which had previously 
been empty, was filled with ice water. The oil bath temperature 
was increased to Ca. 363°K and a white sublimate formed on the 
surface of the cold finger. The sublimed product proved to be 
air stable. Its identity was confirmed by a melting point 
determination and a mass spectrum. 
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FURTHER STUDIES ON THE FLUXIONAL BEHAVIOUR OF 
TETRAMETHYLALLENE GROUPS BONDED TO BIVALENT PLATINUM* 
H. E. WILSON and K. VRIEZE 
Anorganisch Chemisch Laboratorium, Nieuwe Achtergracht 123, Amsterdam (The Netherlands) 
(Received September 22nd, 1972) 
SUMMARY 
The new compounds LPtCl2(TMA), where TMA=tetramethylallene and 
L=p-X-pyridine N-oxide, RNH2, CH3CONH2, NH2CONH2 CD3CN, CD3OD 
and SPh2, have been prepared from [(TMA)PtC]2]2 and the appropriate ligand L. 
From NMR studies it is concluded that these complexes, with the probable exception 
of the SPh2 compound, have the same structure as the corresponding (Pyridine)-
PtCl2(TMA) complexes. 
A study of the fluxional behaviour of the TMA group shows that, as with the 
pyridine complexes, the rate of the intramolecular rearrangement increases with 
decreasing basicity of the ligand L. The complexes involving oxygen donor ligands, 
however, show much lower rates than would be expected from their pK values and an 
explanation of this is advanced. 
INTRODUCTION 
The mode of bonding of allenes bound to metal' —3  atoms and the dynamic 
behaviour of the allene group have recently been subjects ofdiscussion47. Fluxional 
behaviour of the tetramethylallene (TMA) group has been observed for (TMA)Fe-
(CO)44. [(TMA)PtC]2]25, and (p-X-C6H4N)PtCl 2(TMA)5 , and involves migration 
of the metal atom from one double bond to the other. The influence of the pyridine 
ligand on the intramolecular rearrangement of the trans TMA group was studied 
kinetically by use of NMR and increasing a-donor capacity in the pyridine ligand 
was found to cause a decrease in the rate of migration of the allene ligand, as shown by 
the linear correlation between log (1/t) and the Hammett constants, 
In order to obtain a more detailed picture of the influence of the ligands on the 
intramolecular migrations of the tetramethylallene group, series of Pt" compounds 
with N, 0 and S donor ligands trans to the tetramethylallene group in LPtCl2(TMA) 
have now been investigated. In addition, ligands such as carbon monoxide, ethylene 
and phosphines have been examined. 
* For earlier studies see ref. 5. 
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RESULTS 
Compounds LPtCl2(TMA) 
By reaction of [TMA)PtCl 2]2 5 with the ligands, L, yellow to red compounds 
LPtCl2 (TMA) were formed. These are listed with the corresponding 1 H NMR data 
in Table 1. 
TABLE I 
'H NMR DATA OF LPtCl 2 (TMA) IN CDCI 3 












p-CH 3C 5H4NO 1.56. 49 2.16 2.57 1.3 3.3 
C 5H 5NO 1.56 50 2.16 2.58 0.8 6.6 
p-C1C 5H4NO 1.55 50 2.17 2.57 0.4 7.2 
p-CH 3COCH4NO 1.61 51 2.23 2.63 -0.15 20 
p-NO,C 5H4NO 1.58 51 2.23 2.63 -1.7 300 
C6H4CH 2NH 2  1.83 40 2.18 2.53 9.35 70 
p-CH 3C6 H 4NH 2  1.70 41 2.09 2.34 5.08 1.60 
C6H 5NH 2  1.66 42 2.05 2.29 4.60 4.60 
p-BrC6H4NH 2  1.67 44 2.07 2.30 3.86 7.60 
p-NO2C6H4NH, 1.70 46 2.12 2.32 1.00 1650 
H2NCN 1.70 46 2.13 2.50 
CD3CN 1.81 54 2.23 2.59 25000 
CH,=CHCN 1.57 54 2.21 2.58 
CD 3OD 1.57 57 2.23 2.64 -2.2 1200 
CH 3CONH2  1.55 52 2.49 
NH 2CONH 2  1.58 48 2.15 2.50 
ö in ppm from TMS 
The low temperature (-80 to - 50°) limiting spectra for LPtCI 2(TMA) consist 
of three absorptions in the intensity ratio 3/3/6 going from low to high field, as in the 
case of the pyridine compounds5. The high field signal of intensity 6 shows satellites 
due to coupling between the methyl protons and the '95 Pt nuclei. The high tempera-
ture limiting spectra consist of one signal at the weighted average of the low tempera-
ture chemical shifts. The coupling constant ranges fm 20 to 27 Hz, showing that the 
TMA remains bonded to the metal atom over te whole temperature range of the 
coalescence. 
Reaction of[(TMA)PtCl2]2 with SR 2(R=Me, Ph) in CFCI 3 gave complexes 
of the approximate composition (R 2S)PtCl 2(TMA). In the case of the SMe2 deri-
vative it was not possible to obtain a clear low temperature limiting spectrum owing 
to some decomposition. The high temperature (20°) spectrum contains a methyl 
signal at 2.48 ppm due to the S(CH3)2 ligand, with J(Pt-CH3) 43 Hz, and one coa-
lesced TMA signal at 6 2.05 ppm, with J(Pt-CH3) 23.0 Hz. A similar high tempera-
ture spectrum (20°) was observed for the SPh2 compound, with the TMA coalesced 
signal at 6 1.97 ppm and J(Pt-CH3) 21.0 Hz. It is especially interesting that the low 
temperature limiting spectrum (-60°) is very different from the normal pattern. It 
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consists of three signals in the intensity ratios of 6/3/3 at ó 2.13, 1.90, and 1.83 ppm, 
respectively, the last two signals each having 195 Pt satellites with coupling constants 
of 50 and 54 Hz, respectively. The compound could only be prepared in CFCI3, and 
contained, as shown by analysis and NMR, slightly more SPh2 than expected. This is 
probably due to the presence of(SPh2)2 PtCl 2, since in solution the compound slowly 
decomposes to give free tetramethylallene and (SPh2)2 PtCl 2 . 
There is some uncertainty about the mode of bonding of H2NCN, CH3-
CONH2 and NH 2CONH2 to the platinum atom. In the first case the TMA signals and 
coupling constant seem to indicate that the H2NCN ligand is bonded to Pt through 
the NH 2 group. In the case ofCH 3CONH2 and NH 2CONH 2 the TMA spectra are 
very similar, and it thus seems probable that both ligands are linked to the Pt atom 
through the same function. It is not clear, however, whether the bonding is through the 
oxygen or thenitrogen atom. Normally these ligands are linked to the Pt" atom through 
the N atom as observed for Pt(urea)2C128 . 
Kinetic measurements (slow exchange limit) on the compounds in CDCI 3  
solution showed that the rate of rearrangement for both the pyridine N-oxide and the 
monosubstituted amine series (R NH 2)  increased with decreasing basicity ofthe ligands. 
Figure 1 shows that when log (11,c) (-c is the lifetime of protons C or D) is plotted against 
the pK (at + 9°), there is a fairly good linear relationship, as for the pyridine series'; 
the plot for the latter series is included in Fig. 1 for purposes of comparison. Some 
pyridine derivations were remeasured to ensure that no temperature errors occurred, 
as the rates were measured on different NMR machines. 
It can be seen that the rates of the amine and pyridine series are very similar, 
but in general are higher than those for the pyridine N-oxide series. The addition of 
an excess of the ligand had no effect on the rates. 
Calculated activation energies were in the range of 10-14 kcal - mole- ', 
while the frequency factor A had values between lOb  to  1014  sec - 1, but further details 
of these are not given since the k values are thought to be more reliable. Rates were 
also measured for L=CD3CN and CD3OD (the latter compound was not isolated). 
The pK value for CD3CN is not known with any accuracy but is about —9. At +9°  
the extrapolated rate is very fast (25000 sec). 
Finally, an attempt was made to prepare the compounds LPtCl 2(TMA) with 
L=CO, C2H4, PPh3 and PPhMe2. Bubbling CO or C2 H 4 gas through solutions of 
[(TMA)PtCl2]2 at - 50° gave clear yellow solutions, in which the presence ofLPtCl2-
(TMA) could be clearly demonstrated by NMR. The compounds could not be 
isolated however, or studied further since free TMA was formed above - 20°. Treat-
ment of [(TMA)PtCl2]2 with the phosphines afforded free TMA and L2 PtC12. 
Compounds (bidentate)PtCI(TMA) 
Treatment of N-trans-glycine Pt(C2H4)C19 ' with tetramethylallene gave 
lemon yellow crystals of(glycine)Pt(TMA)Cl. In CID, ODat —60° the main isomer 
shows TMA peaks at 6 2.43, 2.10, 1.77 and 1.62 ppm; the last two signals have plati-
num satellites with i(Pt—CH,) of 42 and 32 Hz, respectively. Two further small methyl 
signals were observed at c 1.82 and 2.18 ppm. It seems likely that the TMA molecule 
is trans to the N atom, since N has a higher trans effect than 0. In the parent ethylene 
compound the ethylene was also trans to the N atom. No further analysis was carried 
out, since the NMR spectrum showed the correct ratios. 
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CD3CN 
0 
Fig. 1. log (lit) versus pK for compounds LPICI2(TMA). I: L=pyridine; If: L=RNH 2 ; III: L= pyridine 
N-oxide; IV: L=CD3 0D; V: L=CD3CN. 
Reactions with the alanine derivative and with (Acac)PtCI(C2H4) gave no 
satisfactory products, although some reaction took place. 
DISCUSSION 
From the preparative results, and the properties of the complexes it is clear that 
stable compounds LPtCl2 (TMA) are formed when L is a fairly strong a-donor and a 
poor ir-acceptor such as the pyridines, amines and pyridine N-oxides. Unstable 
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compounds are formed when the ligands L are poor a-donors and good it-acceptors, 
such as CO and C21-14, as evidenced by the ready dissociation of TMA at low tem-
peratures in solution. The phosphines would be expected to give stable compounds; 
but disproportionation occurs because of the easy formation of L2 PtCl2, and this 
was also found to some degree with SR2 ligands. 
From Table 1 it is clear that the compounds LPtCl 2(TMA) have the same 
structure as the corresponding pyridine compounds, which were shown to have the 
ligand L trans to the TMA group. This group itself is bonded to the metal by one of its 
double bonds; the other double bond being bent away from the metal atom. The 
structure of (SPh2)PtCl2(TMA), which unfortunately could not be studied more 
thoroughly because of its instability, appears to be different, in view of its different 
NMR pattern, from which one must conclude that there is no plane of symmetry 
perpendicular to the plane of the molecule through the L—Pt bond. Possibly the allene 
molecule is asymmetrically bonded to the Pt atom because of steric hindrance arising 
from the phenyl groups of the SPh2 ligand. 
Another possibility is that the phenyl groups exercise a direct through-space 
effect on the methyl chemical shift, while a third possibility is that the complex is a 
cis isomer, but this seems unlikely in view of the bulky nature of the SR2 group and the 
trans directing effect of the allene group itself. 
An example of a situation in which there is also no plane of symmetry per-
pendicular to the plane of the complex is (glycine)Pt(TMA)Cl. In this case four 
peaks are observed, analogous to those found with the dimer [(TMA)PtC]2]2 5, 
and quite different from the pattern shown by (SPh2)PtCl2 (TMA). 
The NMR kinetic measurements showed that, as with the pyridine compounds, 
the amine and pyridine N-oxide series exhibited a linear relationship between log 
(l/t) and the pK of the ligand concerned. Of interest is the fact that, while the pyridine 
and amine series showed similar rates, as expected on basis of their similar pK values, 
the pyridine N-oxide series of compounds showed much lower rates than would be 
expected in view of their weak basicities. The rate of rearrangement of the deuterated 
methanol platinum compound falls in the range found for the pyridine N-oxides; 
CD3OD also has a low basicity. On the other hand, it was found that the rate for 
(CD3CN)PtC12 (TMA) is very fast indeed; although the pK of CD3CN is not known, 
it is thought to possess a very low basicity (pK —9). 
It is clear that in the case of the oxygen ligands examined there is, in addition to 
basicity, another factor which causes the rates of rearrangement of the TMA group 
to be abnormally low. In this respect it is helpful to refer to the structure of(p-methoxy-
pyridine N-oxide)PtCl2(CO), in which the Pt—O—N angle is 120°, while the PyO 
ring is almost at right angles to the plane of the Pt atom and the four groups bonded 
to it 12. Orchin and Schmidt 
12  pointed out that the. oxygen lone pair (s) may interact 
with the relevant Pt orbitals; this interaction involves a donor action to the Pt atom 
and consequently an increase in the it-backbonding to the groups trans to the pyridine 
N-oxide. If the influence of the free electron pair(s) on the oxygen atom is taken into 
account, a factor also relevant in the case of alcohols, the abnormally low rate of 
rearrangement can be accounted for. 
In view of the above, it is noteworthy that the CO stretching frequencies in 
LPtCl2(CO) are lower for L=p-X-pyridine N-oxide (2120 cm') than for L=p-
X-pyridine and L = p-X-aniline (both at about 2130 cm 1). Once again the pyridine 
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and aniline series are similar, while the lower CO frequencies for the pyridine N-oxide 
series indicate a stronger donor action for these ligands, although the basicity is 
lower. It is relevant to mention that in all three series the CO frequencies show little 
or no change on variation of the para substituents. In the allene compounds the para 
substituent has a very important effect on the rates; the infrared frequencies, however, 
give information only about the trans influence, i.e. the situation in the initial state, 
while the rates for the allene compounds are determined both by the initial state and 
the transition state. As a result one cannot carry the analogy between the two sets of 
data too far*. 
From Fig. 1, it can further be seen that the slope for the pyridine N-oxide series 
is steeper than that for the nitrogen-donor series. It seems reasonable to suggest that 
a change in para substituent will affect both the basicity and the donor action of the 
free electron pairs, and the change in the total donor action can be expected to be grea-
ter for the oxide than for the N-donor series. 
TABLE 2 
ANALYTICAL DATA FOR TETRAMETHYLALLENE COMPOUNDS OF PLATINUM(II), 
LPtCl2 (TMA) 
Ligand L Analysis,fbund (calcd.) (%) 
Pt 	C H C CI 	 S 
C5H5NO 44.79 31.46 3.80 3.26 15.54 
(42.67) (31.51) (3.72) (3.06) (15.51) 
p-CH3C5H4NO 41.39 33.19 4.13 3.07 14.98 
(41.40) (33.12) (4.03) (2.97) (15.07) 
p-CIC5H 4NO 40.80 30.14 3.38 3.32 22.04 
(39.67) (29.30) 3.26 (2.85) (21.67) 
p-CH3C005H4NO 39.23 33.57 3.90 2.90 14.29 
(39.08) (33.67) (3.81) (2.81) (14.23) 
p-NO2C5H4NO 33.58 28.50 3.19 5.61 14.23 
(38.84) (28.68) (3.19) (5.58) (14.14) 
p-CH3C6H4NH2 41.63 35.73 4.38 
(41.58) (35.82) (4.48) 
C6H5NH2 42.78 34.32 4.08 
(42.86) (34.29) (4.18) 
p-BrC6H4NH2 38.45 29.37 3.76 
(36.52) (29.21) (3.37) 
p-NO2C6H4NH2 36.77 30.46 3.42 
(39.00) (31.20) (3.60) 
C 6 H5CH2NH2 40.49 38.16 4.88 
(41.58) (35.82) (4.48) 
H2NCN 48.05 23.53 3.36 
(48.27) (23.76) (3.44) 
CD3CN 48.42 26.69 4.51 
(48.03) (26.60) (4.43) 
SPh2 32.57 43.35 3.69 12.10 	9.20 
(35.58) (43.43) (4.01) (12.96) (5.84) 
* Infrared and Raman studies will be described later. 
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EXPERIMENTAL 
The compounds LPtCl 2 (TMA) were usually prepared by adding the required 
amount of ligand L to the dimer [(TMA) PtCl2] 2  As a typical example the preparation 
of (p-CH3C0C5H4N0)PtCl2(TMA) is given as follows. 
[(TMA)PtCl2]2 (0.543 g) was mixed with p-CH3C005H4NO (0.206 g) in 
5 ml of C2 H 2C12 at 00  under nitrogen. The bright orange solution was stirred for half 
an hour at 0°, and subsequently stored at —30°. Some solvent was later removed 
under vacuum to promote crystallisation. The orange crystalline product was washed 
with pentane and dried. 
The diphenyl sulphide compound (Ph2S)PtCl2(TMA) was formed by mixing 
0.539 g [(TMA)PtC12]2 with 0.294 g Ph2S in 15 ml CFCI3 at —20°. After 2 h stirring, 
the mixture was allowed to stand until the CFCI3 had evaporated off and the bath 
had reached room temperature. The yellow-orange solid deposited on the walls of the 
flask was collected, the darker orange solid below being discarded. 
The glycine complex was prepared by adding 0.2 ml tetramethylallene to a 
suspension of 0.115 g (N-trans-glycine)Pt(C2H4)C1 in 5 ml acetone at 50° with 
stirring. Within a few minutes a steady stream of C2 H4 gas began to be evolved, and 
the solid dissolved to give a yellow solution. After approximately 15 min the solvent 
was evaporated under vacuum to leave a bright yellow solid, which was washed with 
pentane and dried. 
Table 2 shows the analytical data for the tetramethylallene compounds. 
Molecular weights were measured with a Mechrolab Vapour Pressure Osmo-
meter Model 201 A with CHCI 3 as solvent. The results are not listed because all the 
compounds were monomolecular, like the pyridine compounds. 
Spectroscopic measurements 
The NMR spectra of the platinum complexes were recorded on a Varian 
HA 100 spectrometer with CDC13 as solvent. Low temperatures were obtained with 
variable Varian Dewar inserts. 
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This thesis deals with some spectroscopic studies of a variety of 
piatim.u... co1..es. 
The rates of rotation of the tctrau.ethylallenc liand in a series of new 
compoundc, ans-jPtC12 L(TMA)j (TMA = tetrarnethylallene, L = substituted 
pyridine N-oxides, anilines, amides, nitri1c), were measured by the "line 
broadcnin" n.::.r. technique in the rerion of slow exchange. These rates were 
shown to display a linear relationship with the pl. values of the ligands L. 
The ulta-violot photoelectron spectra of several bistri;hcylpLcsphine 
platinum (LI) 	 have been recorthd and Lhe difficulties involved in 
intcrprct.ation 	the b.r)L.ctra are conoii'i. 
A s*..ris oL bi rietyipho hiie .latL.0 hydriciea has bee A..rpared and 
their n. iii. r. a.t.i infra red parameters c xparc with those o their triethyl-
phosphine crpart. 
Trans- lt11cHj(PEt3)z1  and trani- LPt(SeH)z(PEt3)J  have been prepared and 
characteriscd Ly n.rn.r. spectroscopy. The rc.actions of 	 't 	with 
the compounds iL.SI Ue and HATe  have b1en carried out and, '.;herc pr'ssiblc, both 
the initial a.,u dical proLucts have been c.haractised by their . m. r. .araieters. 
.\naloou reactions wcr periorrL.ed v.-ith trun5-JtHI(?.ie3)2 j and ta t t(i 3 )I-
(it)H for urjo&s ox cowparison. The e(uilibria involved i:L two of these 
ractios were ztudicd b' means of 	n.m.r. spectroscopy. Tac rci.Live 
ailitjcs of 	Hic a d HTe  to o:id.tively add to platinu (II) hdride con.plee 
are dicu3Li. 
31 
Tnc and 	. .. r. &pectr of 	tcl(rT3)2j 	 r:CUrCL. 
>tl..i2FNJc,, 	1tJ L1 an 1 2  
Use other side if neces.cory. 
.'cre / . 
were studied by 
31
P n. m. r. spectroscopy and the results from the 
cis- LPtCl(PF2NMe2)2] reactions are discussed in terms of sixcoordinate 
4. 
species and anionic complexes. 
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